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Summary 


k*ye  b*'’'-'  V’ 


We  have  been  developing^ltechniques  for  the  analysis  of  trace  metals 


in  natural  waters  as  well  as  other  samples  of  biological] and  environmental 
interest  by  flameless  atomic  absorption  spectrometryO\  Aqueous  standard 
and  unknown  solutions  are  applied  to  a tungsten -rhenium  wire  loop  atomizer 
which  can  be  electrically  heated*  in  5 p£.  aliquots  by  a Varian  "Autopette" 
dispensing  pipet  (the  aliquot  method).  After  evaporation  of  the  solvent 
at  a low  voltage  setting,  the  sample  is  atomized  upon  application  of  a 
predetermined  voltage  to  the  loop.  In  addition,  the  analyte  can  be  pre- 
concentrated on  the  wire  loop  (presumably  by  an  ion-exchange  mechanism) 
by  soaking  the  loop  in  the  solution  of  interest  for  carefully  controlled 
periods  of  time  (the  soaking  method) . Atomization  of  the  analyte  is 
carried  out  as  before.  Where  it  may  be  employed,  the  soaking  method 
offers  greater  sensitivity  than  the  aliquot  method  and  the  former  tech- 
nique has  been  applied  to  the  analysis  of  silver  and  copper  in  aqueous 
solution. 

A template  has  been  developed  to  expedite  the  reproducible  pro- 
duction of  wire  loop  atomizers.  The  atomizer  head  can  now  be  mounted 
on  the  commercially  available  Varian  or  Perkin-Elmer  burner  base  re- 
placing the  burner  head.  As  a result,  a greatly  improved  optical  align- 
ment of  the  wire  loop  atomizer  with  respect  to  the  hollow  cathode  lamp 
beam  can  be  attained  by  employing  the  horizontal,  vertical,  and  rota- 
tional adjustment  dials.  k,*. 

Employing; pure  aqueous  standards,  we  have  utilized^ peak  height 
absorbance/\as  a measure  of  the  transient  atomic  absorption  signal  in 


order  to  establish  calibration  curves  for  zinc,  iron,  chromium,  silver 


manganese,  cadmium,  copper,  and  lead.  Natural  water  samples,  provided 
by  the  United  States  Army  Environmental  Hygiene  Agency,  have  been 
analyzed  for  these  metals.  The  results  obtained  from  the  wire  loop 
aliquot  method  are  compared  to  those  found  by  "referee"  analysis  tech- 
niques — flame  and  nonflame  atomic  absorption  spectrometry. 

Any  interferences  arising  from  the  presence  of  transition  metal 
salts  or  the  sodium  salts  of  various  common  anions,  each  at  a concen- 


tration of 
ported  and 


ca.  1(^*1, 


evaluated. 


in  1.0  ppm  solutions  of  the  above  metals  are  re- 
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Introduction 


The  use  of  graphite  or  various  metals  and  their  alloys  as  nonflame 

atomizers  for  analysis  by  atomic  absorption  spectrometry  (AAS)  has  been 

extensively  investigated  in  the  past  two  decades.*  The  nonflame  atomizers 

require  far  smaller  sample  sizes  than  conventional  flame  techniques  and 

are  more  efficient  at  converting  a large  proportion  of  the  analyte  species 

to  atoms  in  the  vapor  phase.  However,  precision  and  accuracy  are  often 

2 

problems  with  nonflame  atomizers.  Nonatomic  absorption,  caused  by 
molecular  absorption  and/or  light  scattering,  is  a classic  obstacle  com- 
mon to  nonflame  atomic  absorption  spectrometry  and  must  be  surmounted  by 
the  use  of  background  correction  systems  and/or  minimization  of  matrix 
effects. ® 

Numerous  graphite  atomizers  such  as  corbon  filaments,  rods,  braids, 
tubes  and  furnaces  have  enjoyed  varying  degrees  of  success  in  trace 
analysis  applications  by  AAS.  At  present,  the  carbon  tube  and  graphite 
furnace  are  employed  in  commercially  available  nonflame  atomizer  systemc, 
the  Varian  Techtron  CRA-90  and  the  Perkin-Elmer  HGA-74,  and  2100  re- 
spectively (in  addition  to  several  earlier  versions  of  each). 

Lundgren  and  co-workers  employed  a photodiode  (radiation  programming) 
to  accurately  control  the  temperature  of  a heated  graphite  tube  within 

+10°C  and  applied  the  system  to  the  analysis  of  metals  in  biological 

4 5 6 

tissue  and  cadmium  in  blood  and  seawater.  Other  applications  of  the 

7-9 

carbon  tube  have  been  the  determination  of  trace  metals  in  water, 

zinc  in  sea-bottom  sediments,*®  cadmium  in  biological  matrices,**  and 
12  13 

lead  in  blood.  ’ Various  versions  of  the  graphite  furnace,  developed 

14 

by  Perkin-Elmer  Corporation,  have  found  application  to  saline  and 


8 


freshwater^  ^ analyses  and  to  the  determination  of  cadmium  in  bio- 
logical materials, ^ copper  in  edible  oils,^'  and  to  the  analysis  of 


z inc. 


20 


Graphite  filaments  were  extensively  characterized  for  AAS  and 

21-24 

atomic  fluorescence  spectrometry  (AFS)  by  T.  S.  West  and  co-workers 

and  applied  to  the  analysis  of  numerous  elements  in  a variety  of  matrices. 


Among  these  were  the  determination  of  cadmium,  gold,  and  manganese  by 

25-27  , 

go] 

25,28-31 


25-27 

AFS,  gold,  zinc,  molybdenum,  manganese,  nickel,  and  iron  by 


AAS, 


32 

sodium  by  atomic  emission  spectrometry  (AES) , several 
33 


elements  in  organic  matrices,  copper,  silver,  and  manganese  in  lubri- 
cation oils,"^’"^  nickel  in  crude  and  residual  oils,'**’  and  lead  in 


"instant"  coffee  and  tea  powders. 


37 


The  carbon  rod  atomizer  has  been  applied  to  the  analysis  of  bio- 

38  39 

logical  and  clinical  samples  by  AAS  and  AFS  including  the  determi- 

40  41 

nation  of  copper  and  iron  in  blood  serum,  and  gold,  cobalt,  and 

42 

lithium  in  blood  plasma.  Winefordner 1 s as  well  as  Chakrabarti' s 

groups  employed  the  carbon  rod  for  analyzing  wear  metals  in  engine 

43  44  45  46 

oils,  ’ lead  in  petroleum  and  petroleum  products,  ’ vanadium  in 

47  48 

crude  oil,  silver  and  copper  in  jet  engine  oil  by  AFS,  and  a 

variety  of  metals  in  lubricating  and  crude  oils.^5"^  Silver  and  cop- 
per may  be  determined  sequentially  by  taking  advantage  of  their  dif- 
ferent volatilities."^  Silver  and  gold  have  also  been  analyzed  in  geo- 


logical and  metallurgical  samples  using  the  carbon  rod 


52 


Fairless  and 


Bard  employed  electrodeposition  on  graphite  rods  for  the  analysis  of 
53 


copper. 


The  importance  of  rapid  detection  systems  for  transient  signals 


was  pointed  out  by  Maessen  and  Posma  for  the  carbon  rod  atomizer. 

Crouch  et  al.  investigated  the  characteristics  of  the  graphite 
braid  atomizer  in  both  AAS  and  AFS."^  They  also  examined  the  possible 
modes  of  temperature  programming  for  graphite  braids  concluding  that 
radiation  programming  was  the  most  efficient. ^ 

Graphite  atomizers  on  the  other  hand  require  large,  elaborate 
power  supply  units  in  order  to  electrothermally  produce  the  requisite 
atomic  vapors  in  or  above  the  atomizer.  The  electrode  holders  (terminals) 
must  be  water-cooled  in  order  to  dissipate  the  large  amounts  of  heat 
generated  by  the  ashing  and  atomization  processes. 

Nonflame  atomizers  constructed  from  metals  and  their  alloys  offer 
several  advantages  over  the  graphite  atomizers.  Since  metals  and  alloys 
have  an  intrinsically  lower  resistivity  compared  to  graphite,  the  need 
for  sophisticated  power  supply  units  is  obviated  and  the  electrode 
terminals  need  not  be  water-cooled.  Electrothermal  atomizers  con- 
structed from  elements  having  suitable  electrochemical  properties  may 
be  utilized  for  preconcentration  of  the  analyte  species  by  electro- 
deposition. Platinum  wire  coils  and  loops,  tungsten  filaments,  tantalum 
filaments,  silver  wires,  and  tantalum  and  tungsten  boats  are  among  the 
most  widely  employed  metal  atomizers. 

Tantalum  strip  atomizers  were  adapted  for  use  on  a commercial 
basis  by  Instrumentation  Laboratories  in  their  IL  355  Flameless  Sampler."*7 

Agget  and  Sprott  compared  the  atomization  properties  of  various  analytes 

58 

using  tantalum  strips  and  carbon  rods.  The  effect  of  salts  and  acids 
on  the  analyte  signal  generated  by  vaporizing  samples  from  the  tantalum 
strip  has  been  studied.  Tantalum  tends  to  become  brittle  after 

10 
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repeated  heating  and  its  surface  reacts  with  nickel  and  cobalt  com- 
pounds.^ Molybdenum  strip  atomizers  can  be  used  to  analyze  for  cobalt 
and  nickel  although  nitric  acid  damages  the  atomizers.  The  tantalum 

filament  has  been  applied  to  the  analysis  of  barium  and  antimony  in 
62  63 

gunshot  residues,  lead  in  blood,  lead,  silver,  and  indium  in  rain- 
water,^ trace  metals  in  water,65  chromium  in  steel,66  and  for  the  in- 
troduction of  analyte  into  plasmas. 6^  The  tantalum  boat  was  used  for 

68 

the  determination  of  zinc  in  seawater. 

Bratzel  et^  al.  used  both  platinum  and  tungsten  wire  loop  atomizers 

for  atomic  fluorescence  spectrometric  studies. 6^’^  Crouch's  group  has 

56  71 

also  evaluated  platinum  wire  loops  for  use  in  AAS  and  AFS.  ’ A plati- 
num-rhodium alloy  has  been  developed  by  the  National  Bureau  of  Standards 

72 

for  the  determination  of  lead  in  paint  using  flame  techniques.  Williams 

and  Piepmeier  adapted  tungsten  light  bulb  filaments  to  flameless  AAS 
73 

analyses,  and  Reid  and  Peipmeier  constructed  an  integrator  for  the 

measurement  of  the  transient  absorbance  signals  from  a horizontal  tung- 
74 

sten  coil  atomizer.  Cantle  and  West  evaluated  the  tungsten  filament 
and  compared  its  properties  as  an  electrothermal  atomizer  to  the  carbon 
filament  atomizer. The  tungsten  filament  gives  better  sensitivities 
and  is  less  susceptible  to  vapor  phase  interferences  than  the  corres- 
ponding graphite  filament.  Cresser  and  Mullins  calculated  the  tempera- 
ture time  curves  for  tungsten  and  graphite  filaments  and  concluded  that 
current  filament  designs  are  open  to  much  improvement.^6 

Electrodeposition  on  platinum  and  tungsten  wires ^ has  been  used 

78  7 A 

for  the  analysis  of  cadmium  in  urine  and  seawater  by  AAS.  Mercury, 
cadmium,  lead,  and  nickel,  deposited  electrochemically  on  silver  wire 


^ 


electrodes,  were  analyzed  by  exploding  the  wire  electrode  and  sub- 

80 

sequently  measuring  the  atomic  emission. 

Davis  and  co-workers  have  developed  tungsten-rhenium  wire  loops, 

constructed  from  a tungsten-rhenium  alloy,  as  electrothermal  atomizers 

81 

and  the  wire  loops  have  exhibited  a great  amount  of  versatility.  A 
loop  can  be  used  for  spontaneous  preconcentration  of  the  analyte  (prob- 
ably by  an  ion-exchange  mechanism)  by  soaking  the  wire  loop  in  the  solu- 
82 

tion  of  interest.  Electrochemical  preconcentration  of  the  analyte  can 
also  be  employed  to  reduce  matrix  effects.  In  addition,  several  micro- 
liters of  solution  can  be  placed  on  the  loop,  the  solvent  evaporated,  and 

83 

the  analyte  atomized  upon  passage  of  a predetermined  current.  A number 

of  metals,  dissolved  in  aqueous  solution,  have  been  directly  analyzed  and 

84 

zirconium  and  hafnium  have  been  determined  by  indirect  methods. 


We  wish  to  report  here  a number  of  improvements  in  the  application  of 
the  tungsten-rhenium  wire  loop  atomizer  to  the  analysis  of  metals  in 


natural  waters  and  in  samples  of  biological  and  environmental  interest  by 
flameless  AAS.  An  exhaustive  investigation  of  the  elements  lead,  copper, 
cadmium,  manganese,  silver,  zinc,  chromium,  and  iron  has  been  carried  out 
using  the  tungsten- rhenium  wire  loop  atomizer  and  the  effects  of -inter- 
ferences upon  the  analyte's  absorbance  signal  are  evaluated.  Furthermore, 
important  alterations  made  in  the  atomizer  head  design  allow  for  a sig- 
nificantly improved  optical  alignment.  An  analysis  of  water  samples 
provided  by  the  United  States  Army  is  also  reported.  The  appendices  to 
this  report  contain  further  experimental  details  pertaining  to  each  of  the 
metals  studied. 


Experimental 


A Varian  Techtron  AA-5  single  beam  atomic  absorption  spectro- 
photometer was  utilized  throughout  the  research  reported  here  with  the 
exception  of  the  copper  and  cadmium  studies  where  a Perkin-Elmer  Model 
306  double  beam  atomic  absorption  spectrophotometer  was  employed.  All 
hollow  cathode  lamps  were  purchased  from  Varian  Techtron.  Lamp  currents, 

monochromator  slit  widths,  and  analytical  wavelengths  were  those  recom- 

85 

mended  by  Varian  Techtron.  The  transient  atomic  absorption  signals  were 
recorded  with  a single  pen  Varian  A-25  recorder  having  a full  scale  re- 
sponse time  of  0.5  seconds.  Since  the  atomic  absorption  signals  have  a 
very  sharp  profile,  the  peak  height  rather  than  peak  area  was  employed  as 
a measure  of  the  absorbance  for  each  solution  concentration  and  in  estab- 
lishing calibration  curves  for  each  element. 

The  power  supply,  used  to  provide  a current  sufficient  to  1)  evaporate 
the  solvent  and  2)  atomize  the  sample,  is  described  in  detail  in  reference 
81.  The  manual  Sargent  polarograph  referred  to  therein  was  not  employed 
in  any  aspect  of  the  present  work.  The  appropriate  settings  for  the 
drying  and  atomization  Variacs  are  discussed  in  the  appendices  under  the 
respective  elements.  The  voltage,  applied  to  the  wire  loop  by  the  atomi- 
zation Variac,  may  be  ramped  by  substituting  a Variac  driven  at  4 rpm  by 
a motor.  The  advantages  of  the  voltage  ramp  technique  are  discussed  in 
the  following  section. 

The  atomizer  head,  designed  and  constructed  in  the  University  of 
New  Orleans  machine  shop,  is  illustrated  in  Figure  1.  The  brass  atomizer 
head  was  machined  so  that  it  could  be  mounted  on  the  commercially  available 
Varian  Techtron  burner  base  thus  replacing  the  burner  head,  Figure  2.  As 
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a result,  an  Improved  cp vital  alignment  of  the  wire  loop  atomizer  in  the 
hollow  cathode  lamp  beam  is  possible  by  adjusting  the  horizontal,  vertical, 
and  rotational  adjustment  dials  to  achieve  a maximum  percent  transmittance. 
The  burner  base  was  placed  on  the  optical  rail  at  19.9  cm  from  the  mono- 
chromator entrance  slit.  The  atomizer  head  was  inverted  for  adaption  to 
the  soaking  technique.  Figure  3.  The  previous  arrangement  of  the  atomizer 
head  with  respect  to  the  light  path,  employing  the  fluorescence  rail,  is 
shown  in  Figure  1 of  reference  86.  The  leads  from  the  power  supply  unit 
were  attached  to  the  atomizer  head  with  screws  mounted  in  phenolic  blocks 
which  replaced  the  asbestos  formerly  used  as  an  insulating  material. 

The  wire  loop  atomizer  was  constructed  from  a 97%.  tungsten-3% 
rhenium  alloy  (General  Electric  3D  218-CS  process) . The  shape  of  the 
wire  loop  employed  in  the  aliquot  method  differs  from  the  design  adapted 
for  the  spontaneous  preconcentration  technique.  Figure  4.  When  the  loops 
were  produced  manually,  the  height  of  the  wire  loop  and  the  diameter  of 
the  circular  portion  of  the  loop  were  particularly  difficult  to  reproduce. 
This  led  to  differences  in  loop  performance  as  indicated  by  the  sensitivity 
for  a given  element.  A template  has  been  designed  to  improve  the  uni- 
formity of  loop  construction  for  the  aliquot  method.  Three  loops  are 
shown  in  Figure  5 to  indicate  the  uniformity  thus  achieved. 

For  the  aliquot  method,  aqueous  samples  were  applied  to  the  loop  in 
5-pi  aliquots  with  a Varian  "Autopette"  5-pi  dispensing  pipet  fitted 
with  disposable  pipet  tips.  For  the  soaking  (spontaneous  preconcen- 
tration) method,  aliquots  of  the  solution  of  interest  were  pipetted  into 
a rainibeaker  and  the  wire  loop  soaked  in  the  solution  for  a known  period 
of  time.  The  time  was  measured  with  a Standard  S-10  timer,  Standard 
Electric  Time  Company.  It  was  important  that  a constant  portion  of  the 
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Figure  3 


Configuration  Of  The  Atomizer  Head  For  The  Spontaneous  Preconcentration  Method 


Figure  4 

Loop  Design  For  The  Aliquot  Method  (top)  And  The  Spontaneous 
Preconcentration  Method  (bottom) 
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loop  be  soaked  during  each  preconcentration  step.  Otherwise,  the  pre- 
cision of  the  analysis  became  quite  poor.  A short  rinse  (-5  bcconds)  in 
doubly-distilled  deionized  water,  followed  by  drying  of  the  loop  at  a low 
voltage  setting,  insured  the  absence  of  adsorbed  solution. 

An  inert  gas,  either  dry  nitrogen  or  argon,  was  passed  over  the  loop 
at  1.95  and  1.63  A/min  for  nitrogen  and  argon,  respectively  (Gilmont  #13 
Compact  Flowmeter)  to  maintain  an  inert  atmosphere  in  the  region  sur- 
rounding the  loop.  The  inert  gas  was  supplemented  by  the  presence  of 
hydrogen  at  0.225  i/m in  (Gilmont  #12  Compact  Flowmeter)  during  the  atomi- 
zation process.  The  hydrogen  gas  extended  considerably  the  useful  life- 
time of  each  loop  by  reacting  with  any  entrained  oxygen  present.  At 
elevated  temperatures  during  the  atomization  process,  the  hydrogen  ignited 
producing  an  invisible  flame.  To  assist  in  maintaining  a reducing  atmos- 
phere about  the  wire  loop  atomizer,  the  metal  cover  was  moved  over  the 
loop  prior  to  the  atomization  step. 

The  Varian  Techtron  Model  63  Carbon  Rod  Atomizer  was  employed  to  ob- 
tain referee  analyses  of  water  samples  provided  by  the  United  States  Army 
Environmental  Hygiene  Agency  (U. S.A.E.H.A. ) . The  power  supply  to  the 
carbon  rod  workhead  was  constructed  from  the  transformer (115V  to  12V, 

150  A,  A and  R Transformers,  Melbourne,  Australia)  normally  required  for 
the  Model  63-CRA  power  supply  and  a rheostat  (Type  V20,  0-135V,  20  A, 

50-60  cps.  General  Radio  Co.,  Cambridge,  Massachusetts).  Carbon  tubes 
and  electrodes  were  purchased  from  Varian  Techtron.  Aliquots  of  5 pt 
were  dispensed  into  the  pyrolitically-coated  carbon  tubes  with  a Varian 

Autopette.  The  nitrogen  gas  flow  over  the  carbon  tube  was  maintained 
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at  4.0  S./min,  and  the  hydrogen  gas  flow  was  1 t/min.  Hydrogen  gas  was 
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employed  only  where  it  improved  the  sensitivity  of  the  analysis.  The 
hydrogen  normally  ignited  when  the  sample  was  atomized.  Cooling  water 
was  passed  through  the  workhead  at  the  suggested  rate  of  600  ml /min. 

It  is  necessary  to  allow  the  workhead  to  cool  between  consecutive  analyses. 

The  specific  inorganic  salts  or  pure  metals,  selected  for  preparing 
1000  ppm  standard  stock  solutions,  were  of  analytical  reagent  grade 
quality  and  are  delineated  in  the  appendices.  Dilute  standard  solutions 
for  establishing  calibration  curves  or  standard  additions  plots,  were 
prepared  by  serial  dilution  of  the  1000  ppm  standard  stock  solutions 
with  doubly-distilled  deionized  water.  All  solutions  were  made  up  in 
glass  volumetric  flasks  and  immediately  transferred  to  polythylene  con- 
tainers. 

The  doubly-distilled  deionized  water  was  produced  by  distillation 
of  singly-distilled  water  with  a Corning  Mega-Pure  One  Liter  still 
followed  by  passage  through  a Corning  LD-3  General  Purpose  Demineralizer 
equipped  with  Corning  3508-B  high  capacity  disposable  demineralizer 
cartridges.  The  specific  resistance  of  the  water  was  found  to  be  greater 
than  1 x 10^  ti  -cm.  The  water  utilized  for  the  copper  and  cadmium 
analyses  was  purified  as  described  under  those  appendices. 

All  glassware  and  polyethylene  containers  were  soaked  in  either 

50%  HNO^  or  1:1  HNO^/I^SO^  for  at  least  two  days  before  thorough  rinsing 

with  tap  water  to  eliminate  all  traces  of  acids,  followed  by  several 
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rinses  with  doubly-distilled  deionized  water.  ’ 

Results  and  Discussion 

In  Table  I,  the  sensitivity  and  absolute  sensitivity  are  reported 
for  the  determination  of  each  of  eight  elements  by  the  aliquot  method. 
Similarly,  sensitivities  are  tabulated  for  flame  atomic  absorption 
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spectrometry,  and  absolute  sensitivities  are  delineated  for  the  tantalum 
ribbon  and  the  Varian  Model  63-CRA  (carbon  tube).  In  general,  nonflame 
atomic  absorption  spectrometry  provides  better  sensitivities  than  flame 
atomic  absorption  spectrometry.  The  sensitivities  for  the  aliquot 
method  are  generally  at  least  an  order  of  magnitude  higher  than  those 
for  flame  analysis.  Furthermore,  the  absolute  sensitivities  for  the 
wire  loop  atomizer  are  somewhat  better  than  a comparable  metal  atomizer, 
the  tantalum  ribbon.  Work  carried  out  in  this  laboratory  with  the 
Varian  Model  63  Carbon  Rod  Atomizer  indicated  the  carbon  tube  provides 
greater  sensitivity  than  the  wire  loop  atomizer. 

A limited  amount  of  data  is  provided  regarding  the  spontaneous 
preconcentration  method  (soaking  method),  Table  II.  Where  applicable, 
the  soaking  method  provides  improved  sensitivities  compared  to  the 
aliquot  method.  However,  manganese  did  not  appear  to  preconcentrate 
during  1500  second  soaking  times,  and  the  iron  signals,  resulting  for 
50  second  soaking  times,  were  not  related  to  concentration.  Chromium 
preconcentrated  on  the  loop  but  the  peak  absorbance  values  leveled  off 
at  a very  low  concentration  (.  50  ppb).  The  exchange  sites  were  apparently 
saturated  at  very  low  levels  of  chromium.  More  work  needs  to  be  carried 
out  to  determine  the  exact  mechanism  of  preconcentration.  By  the 
application  of  appropriate  potentials  to  the  wire  loop,  metals  can  be 
preconcentrated  and  then  determined  by  atomic  absorption  spectrometry. 

Isolation  of  the  anlyte  from  the  matrix  may  circumvent  some  serious 

. ,,  „ 81,82 
matrix  effects. 
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Table  II.  Sensitivities  and  Absolute  Sensitivities  For  Analysis  By  The 
Spontaneous  Preconcentration  Method 


element  wire  loop  (soaking) 

sensitivity,  ppm  absolute  sensitivity, g 


For  most  of  the  elements  examined  some  limited  study  was  made  of 
the  change  in  peak  absorbance  signal  In  the  presence  and  absence  of 
possible  interferents  such  as  the  sodium  salts  of  various  anions  and 
several  transition  metal  salts.  Table  III.  Most  of  the  interferent 
evaluations  were  carried  out  at  a single  analyte  and  interferent  con- 
centration. Smeyers-Verbeke  et  al.  have  shown  that  the  sign  of  the 
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interference  may  change  with  interferent  concentration.  Thus,  varia- 
tion of  the  interferent  concentration  as  well  as  the  analyte  to  inter- 
ferent concentration  ratio  is  necessary  for  a complete  evaluation  of 

23 

interferences  for  a given  element.  For  sodium  sulfate,  calcium 
nitrate,  sodium  chloride,  and  sodium  nitrate  concentrations  of  one 
raillimolar,  increasing  the  copper  concentration  from  0.1  to  0.75  ppm  in- 
creased the  percent  signal  suppression.  Based  on  the  work  of  Alger  et 

al. , this  could  conceivably  indicate  gas  phase  interferences  rather  than 
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interferences  originating  on  the  wire  loop  atomizer  surface.  ’ 

However,  the  data  is  much  too  limited,  at  present,  to  make  any  defini- 
tive conclusions. 

Iron  as  the  ferric  chloride  salt  caused  a rather  severe  depression 
in  the  zinc  and  chromium  peak  absorbance  signals  while  the  ferric  nitrate 
salt  caused  a large  suppression  of  the  copper  signal.  Since  iron  salts 
have  a relatively  low  volatility  compared  to  zinc  and  copper  salts 

58 

(chromium  salts  are  somewhat  more  volative  than  the  corresponding  salts)  , 
the  interference  may  have  occurred  on  the  wire  loop  by  preventing  effective 
volatization  of  the  analyte. 

Interestingly  enough,  cupric  sulfate  at  one  millimolar  levels  en- 
hanced the  zinc  and  silver  signals,  but  suppressed  the  chromium  and 
manganese  signals.  Perhaps  the  rate  of  evaporation  from  the  loop  of  zinc 
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and  silver  or  their  salts  was  reduced  in  the  presence  of  cupric  sulfate 
allowing  the  detection  system  to  follow  the  peak  absorbance  signal  more 
efficiently  for  these  volative  elements.  It  is  more  difficult  to  ex- 
plain the  reduced  signals  for  chromium  and  manganese  since  they  are  less 
volative  than  copper.  More  work  is  needed  to  shed  light  on  the  mechanism 
by  which  the  interferences  occur.  Sensmeier,  Wagner,  and  Christian*^ 
as  well  as  tlaruta  and  Takeuchi^1  commented  on  the  complex  pattern  generally 
observed  for  interferences  and  the  lack  of  a coherent  theory  to  explain 
their  origin. 

Since  lead  forms  a number  of  insoluble  compounds  with  common  anions, 

the  interferences  observed  were  quite  severe  in  many  instances.  The  use 

of  ethylenediamine  tetraacetic  acid  (EDTA)  has  been  suggested  as  a means 

of  eliminating  several  interferences  in  the  flame  atomic  absorption  de- 
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termination  of  lead. 

Linear  voltage  programming  (LVP)  was  used  in  some  of  the  inter- 
ference studies.  By  ramping  to  voltages  higher  than  those  ordinarily 
employed  for  atomization,  the  analyte  in  addition  to  less  volatile 
interferents  may  be  routinely  cleaned  from  the  loop  thus  reducing  memory 
and  matrix  effects.  The  ramping  technique  may  also  lead  to  the  separa- 
tion of  the  analyte  peak  from  any  peak  due  to  the  matrix  (nonatomic 
absorption) . 

Obviously,  the  most  important  inference  to  be  made  from  the  inter- 
ference study  is  that  since  a multitude  of  interferences  exist  in  em- 
ploying either  the  aliquot  or  soaking  methods,  the  use  of  calibration 
curves  for  the  determination  of  unknown  concentrations  must  be  viewed 
with  caution.  Assuming  the  existence  of  a linear  working  curve  for  a 
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particular  element,  both  the  method  of  standard  additions  and  a cali- 
bration curve  should  be  carried  out  for  any  matrix  suspected  of  enhancing 
or  suppressing  the  analyte  signal.  If  the  standard  additions  plot  and 
the  calibration  curve  parallel  one  another,  then  no  observable  matrix 
effect  exists. 

Since  calibration  curves  were  utilized  for  the  determination  of 
metal  ion  concentrations  in  variable  matrices  such  as  natural  waters, 
it  was  generally  desirable  to  check  for  possible  matrix  effects  using 
standard  additions.  However,  linear  working  curves  were  observed  over 
limited  concentration  ranges  for  zinc,  silver,  lead,  cadmium,  copper, 
and  manganese.  Zinc,  silver,  lead,  and  cadmium  are  very  volatile  elements 
while  manganese  and  copper  are  of  moderate  volatility.  The  inert  gas 
flow  through  the  absorption  cell  containing  the  wire  loop  undoubtedly 
decreases  the  residence  time  of  the  analyte  in  the  absorption  cell  in 
combination  with  the  relatively  high  volatility  of  these  elements.  The 
decreased  residence  time  makes  peak  absorbance  measurements  less  than 
satisfactory  in  terms  of  obtaining  linear  working  curves  over  large  con- 
centration ranges.  The  utilization  of  integrated  absorbance  rather  than 
peak  absorbance  might  lead  to  calibration  curves  which  are  linear  over 
wider  concentration  ranges.  Sturgeon  et  al.  found  that  the  use  of  the 

integrated  absorbance  increased  the  linear  range  of  the  working  curve  for 
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zinc  and  cadmium  by  factors  of  16.7  and  4.0,  respectively.  In  the 
near  future,  we  plan  to  interface  the  Varian  AA-5  atomic  absorption 
spectrophotometer  with  a Digital  Lab  11  computer  (Digital  Equipment 
Corporation,  Maynard,  Massachusetts)  and  to  program  the  computer  to  cal- 
culate, among  other  values,  the  integrated  absorbance  signal. 
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Finished  water  samples,  provided  by  the  United  States  Army 
Environmental  Hygiene  Agency  (U. S.A.E.H.A. ) and  previously  analyzed 
for  ten  elements  by  flame  and  nonflame  atomic  absorption  spectrometry  on 
a Perkin-Elmer  503  atomic  absorption  spectrophotometer,  were  analyzed  by 
the  wire  loop  aliquot  method  and  the  Varian  Model  63  Carbon  Rod  Atomizer. 
Excellent  agreement  was  found  for  the  determination  of  silver  by  the  three 
methods.  Table  IV.  Thus,  the  wire  loop  aliquot  method  appears  adequate 
for  the  measurement  of  silver  concentrations  in  natural  waters. 

The  zinc  concentrations,  determined  by  the  aliquot  method,  were 
neither  consistently  lower  or  higher  than  those  found  by  the  A.E.H.A.  In 
the  case  of  four  water  samples  having  zinc  concentrations  between  100  and 
200  ppb,  two  of  these  samples,  analyzed  by  the  aliquot  method,  gave  values 
intermediate  between  those  obtained  with  flame  atomic  absorption.  Zinc 
was  the  only  element  examined  to  give  a non  zero  absorbance  for  a blank 
consisting  of  doubly-distilled  deionized  water.  All  glassware  and  poly- 
ethylene containers  were  scrupulously  cleaned  with  50%  nitric  acid  or 
1:1  HNO^/^SO^  and  all  solutions  were  prepared  using  doubly-distilled 
deionized  water  to  help  minimize  correction  for  the  blank.  The  re- 
maining two  samples  were  found  to  have  zinc  concentrations  slightly 
lower  than  those  predicted  by  the  other  two  atomic  absorption  tech- 
niques. Because  of  curvature  in  the  working  curve  it  was  not  possible 
to  check  for  matrix  effects  using  the  method  of  standard  additions.  In 
one  water  sample,  A 358,  zinc  was  detected  although  none  was  reported  by 
the  A.E.H.A. 

The  lead  concentrations  were,  in  general,  higher  than  the  values 
given  by  the  A.E.H.A.  Considering  the  numerous  interferences  possible 
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Table  IV.  Analysis  of  the  U.S.A.E.H.A.  Water  Samples  with  the  Wire 

Loop  Atomizer  (values  on  the  left  provided  by  A.E.H.A.  anu 

Those  on  the  Right  by  the  Aliquot  iethod).  (Ccmt'd) 


.s  of  the  U.S.A.E.H.A.  Water  Simples  with  the  Wire 
:omizer  (values  on  the  left  provided  by  A.E.H.A.  and 
in  the  Right  by  the  Aliquot  Method). 


Continued 


lead  analyses  by  the  aliquot  method,  one  would  have  expected  the  re- 
sults to  be  low.  The  large  discrepancy  noted  for  D 390  can  be  attributed 
to  background  contribution  to  the  analyte  peak. 

Severe  matrix  effects  were  observed  for  the  iron  analyses.  The 
concentrations  of  iron  found  in  A 358,  B 275,  and  C 219  by  the  aliquot 
method  were  much  lower  than  the  U.S.A.E.H.A.  results.  Our  preliminary 
results,  obtained  with  the  carbon  tube  atomizer,  were  in  substantial 
agreement  with  the  Army  values.  For  D 390  and  B 259,  the  iron  concentra- 
tions were  determined  by  flame  atomic  absorption  analysis  of  the  undiluted 
samples  and  by  the  aliquot  method  employing  both  calibration  curves  and 
the  method  of  standard  additions,  Figure  6.  The  concentrations  obtained 
by  flame  analysis,  standard  additons,  and  the  A.E.H.A.  were  in  g^od 
agreement.  However,  the  results  derived  from  the  working  curve  were 
approximately  one-half  of  those  found  by  standard  additions,  Table  IV. 

The  reason  for  signal  suppression  by  the  matrix  is  not  known  and  further 
study  is  necessary  to  evaluate  possible  interferents  for  iron. 

Wherever  the  manganese  analyses,  provided  by  the  A.E.H.A.,  were  no* 
in  agreement  with  the  aliquot  method  determinations,  analyses  in  our  lab- 
oratory, employing  the  carbon  tube  atomizer,  corroborated  the  results 
from  the  latter  method.  For  samples  A 278  and  A 365  the  lower  manganese 
concentrations  obtained  with  aliquot  sampling  relative  to  the  carbon 
tube  atomizer  indicated  a possible  matrix  signal  suppression. 

For  both  chromium  and  manganese  the  data  presently  available  are 
not  sufficient  to  warrant  conclusions  on  the  accuracy  of  metal  ion  de- 
terminations in  natural  waters  by  the  aliquot  method.  J^andard  water 
samples,  obtained  from  the  Environmental  Protection  Agency,  will  be 
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Standard  Additions  Plot  for  the  Determination  of  Iron  by  the  Aliquot  Method 


analyzed  for  chromium  and  manganese  as  well  as  other  metals  In  order  to 
assess  the  accuracy  of  the  aliquot  method. 
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National  Bureau  of  Standards  bovine  liver  and  orchard  leaves 

(Standard  Reference  Materials  1577,  and  1581,  respectively)  are  being 

analyzed  at  present  for  a number  of  metals.  Zinc  and  manganese  have 

been  extracted  from  bovine  liver  with  1%  HNO^  and  determined  by  the 
93 

aliquot  method.  Digestion  of  both  standard  reference  materials  with 
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oxidizing  agents  in  a microwave  oven  is  also  being  carried  out.  The 
results  are  forthcoming. 

Although  the  carbon  tube  atomizer  (Varian  Model  63  CRA)  provides 
greater  sensitivity  for  flameless  atomic  absomtion  analysis  than  either 
the  tungsten-rhenium  wire  loop  atomizer  or  the  tantalum  ribbon  atomizer, 
the  cost  of  the  power  supply  and  accessories  ($4,500),  carbon  tubes 
(50  per  $130),  and  electrodes  (50  per  $205)  is  relatively  high.  In 
addition,  the  workhead  must  be  water-cooled  and  allowed  to  cool  between 
analyses.  On  the  other  hand,  the  wire  loop  atomizer  requires  no  cooling 
water  and  no  waiting  period  to  reach  thermal  equilibrium  after  completion 
of  the  atomization  process.  The  cost  per  atomizer  is  at  most  a few 
pennies  and  the  power  supply  construction  costs  are  minimal. 
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THIS  REPORT  IS  DIVIDED  INTO  SECTIONS  - ONE  FOR  EACH  E LEI  ENT  STUDIED  AND 
CONCLUDES  UITH  SOME  ANALYTIC  RESULTS  ON  REAL  SAMPLES  SUPPLIED  BY  THE  ARMY. 


7.  INC 


Due  to  the  excellent  sensitivities  reported  for  the  analysis  of 
zinc  by  atomic  absorption  spectrometry  (typical  sensitivity  = 0.009 
Ug/ml)  (1),  all  materials,  used  cither  in  transferring  (diluting)  or 
in  storing  zinc  solutions,  must  be  meticulously  cleaned.  The  clean- 
ing process  will  lower  the  zinc  concentration  to  acceptable  levels 
in  order  to  avoid  spurious  analytical  results. 

Ue  have  modified  the  procedure  recommended  by  Thiers  (2)  to  that 
suggested  by  Karin  ej:  al.  (3).  All  glassware  and  polyethylene  and 
polypropylene  containers  are  soaked  in  an  Alconox  solution  and  thor- 
oughly rinsed  with  tap  water  prior  to  immersion  in  an  acid  bath.  The 
acid  bath  consists  of  either  an  equimolar  mixture  of  concentrated 
sulfuric  and  nitric  acids  or  50%  nitric  acid.  A cylindrical  jar, 
covered  with  a glass  plate  and  stored  in  a hood,  serves  as  the  acid 
bath  container  (Kimax  Brand  Glass,  Serial  32600  available  from  Curtin 
Matheson  Scientific,  Inc.,  0D  16",  height  12",  8.5  gallons).  It  is 
preferable  that  the  glassware  and  polyethylene  remain  in  the  acid 
for  3 days  to  assure  complete  leaching  of  trace  metals  by  the  acid 
(3).  Cnee  the  acid  has  drained  from  each  piece  of  glassware,  it  rc-ct 


be  thoroughly  rinsed  with  tap  water  and  given  several  final  rinses 
with  doubly-distilled,  deionized  water.  After  the  glassware  and  poly- 
ethylene containers  are  reasonably  dry,  they  should  be  stored  in  clean, 
dustfree  drawers.  The  sulfuric  acid-nitric  acid  bath  produces  notions 
fumes  in  addition  to  slowly  deteriorating  polyethylene  containers 
cleaned  repeatedly  in  the  bath.  Thus,  the  50%  nitric  acid  bath  is 
more  desirable. 

Although  zinc  has  been  detected  in  the  disposable  tips  used  for 
autopipettes  (4),  this  problem  was  not  evident  from  the  flameless 
atomic  absorption  method  utilized  here.  However,  the  10  ml  disposa- 
ble beakers  supplied  by  Calbiochem  and  used  for  sample  containers 
do  contain  zinc  as  a trace  impurity.  Since  these  beakers  cannot 
withstand  acid  treatment,  5 ml  polypropylene  beakers  supplied  by 
Bolab,  Inc.  (Bolab,  Inc.,  6 Tinkham  Ave. , Derry,  N. H.  03038)  are  used 
instead.  The  polypropylene  beakers  can  withstand  repeated  acid  wash- 
ing that  reduces  the  zinc  contamination  to  below  detectable  levels. 

All  zinc  determinations  were  carried  out  using  the  aliouot  me- 
thod (5).  The  instrumental  parameters  for  the  Varian  AA5  and  Varian 
Techtron  :inc  hollo’;  cathode  lamp  (HCL)  were  adjusted  according  to 
Varian' s Analytical  Methods  for  Flame  Spectroscopy  (1) 

' inc : wavelength,  213.9  nm 

slit  width,  lOOp. 
lamp  current,  5 mA 

The  standard,  stock  solution  of  zinc  (1110  pg/ml)  was  prepared  by 
dissolving  0.5550  g of  20  mesh  zinc  metal  (Baker  A.R. ) in  20  ml  of 
reagent  grade  nitric  acid  (Mallinckrodt)  and  diluting  to  500  ml  in  a 
volumetric  flask  with  doubly-distilled,  deionized  water.  Appropriate 
standard  solutions  were  freshly  prepared  by  serial  dilution  of  the 
stock  scluticn. 

46 


. . I Jflfcftu  ...■* 


A sample  size  of  5-p-C,  was  dispensed  from  an  Autepette  5-vt  dicpcr.o- 
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ing  pipet  available  from  Varina  Techtron.  The  inert  gas  flow  was 
adjusted  to  1.959  liter s/min  or  1.635  liters/min  Ar  and  during  the 
atomization  process  an  flow  of  225.9  i*{,/min  was  employed.  The 
variac  for  evaporating  the  solvent  was  set  at  10  and  the  best  setting 
for  the  atomization  variac  was  determined  to  be  22.  One  may  determine 
the  proper  atomization  setting  by  atomizing  a given  standard  at  various 
variac  settings.  The  setting  corresponding  to  the  most  intense  signal 
was  used  subsequently  in  this  work.  In  every  instance  the  peak  height 
was  measured  rather  than  peak  area  (in  absorbance  units).  Since  the 
peaks  arc  quite  sharp  in  detail,  this  appears  feasible.  Reproducibility 
of  peak  height  was  good  as  the  standard  deviation  for  a number  of  runs 
at  each  concentration  was  small. 

A calibration  curve  for  zinc  over  the  range  0.055  - 5.55  ppm 
exhibits  very  little  slope  until  the  region  below  1.11  ppm  is  attained. 
Figure  7.  A plot,  covering  the  range  between  4.4  and  44.4  ppb  exhibits 
curvature  near  the  low  concentration  end,  Figure  8.  The  data  between 
22.2  and  44.4  ppb  lie  on  a straight  lino.  The  smooth  line  connecting 
the  data  points  also  intersects  the  origin  of  the  calibration  curve 
indicating  no  background  absorbance  for  the  zinc  standards.  A less 
sensitive  analytical  wavelength  for  zinc  at  307.6  nm  (typical  sensitivity 
= 76  ug/ml)  may  prove  adaptable  to  work  in  the  ppm  range  (1). 

The  zinc  concentrations  in  the  Fort  "nox  samples  were  determined 
by  matching  the  absorbances  found  for  the  sampler  to  a calibration 
curve  for  zinc.  The  range  of  the  calibration  curve  was  between  11. 1 
and  44.4  ppb.  The  background,  measured  by  utilizing  a hydrogen  con- 
tinuum lamp,  increased  as  the  number  of  samples  analyzed  also  increase.!. 
In  fact,  the  background  for  sample  24  was  initially  0.035  absorbance 
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units  but  increased  to  0.095  absorbance  units  when  examined  again  be- 
tween analyses  for  samples  21  and  22.  After  several  of  the  Fort  Knox 
samples  were  atomized,  the  wire  loop  acquired  a grayish,  eroded  ap- 
pearance. As  mentioned  elsewhere  in  the  paper,  this  problem  may  be 
alleviated  by  utilizing  the  linear  voltage  programming  technique. 

Zinc  Content  of  the  Fort  Knox  Mater  Samples  as 
Determined  by  the  Aliquot  Method 

Fort  Knox  Sample  Number  Concentration  Zinc,  ppb  Absorbance  (Background) 


24 

20.5 

0.457 

(0. 03 5) 

15 

6.8 

0.290 

(0.050) 

23 

6.3 

0.283 

(0.065) 

21 

9.5 

0.  324 

(J. 105) 

22 

43.2 

0.643 

(0.109) 

13 

14.7 

0.388 

(0.125) 

The  sensitivities  for  the  determination  of  zinc  by  the  aliquot 
method  were  calculated  according  to  the  Varian  Tcchtron  Instruction 
Manua 1 for  the  Model  63  Carbon  Rod  Atomirer  (6).  In  this  method,  the 
concentration  corresponding  to  an  absorbance  of  0.100  is  utilised  to 
calculate  the  sensitivity. 

sensitivity,  ppm  absolute  sensitivity,  g 

Zn:  1.7  x 10"4  8.5  * 10"13 

The  effect  on  the  2inc  signal  of  adding  the  sodium  salt  of  various 
common  anions  to  a standard  zinc  solution  was  also  investigated.  The 
extent  of  the  interference,  if  any,  is  quantitatively  described  as 
follows : 
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% = 1C  ' | Absorbance,  7n  - Absorbance,  Zn  + added  inter ferent  electro 

Absorbance,  Zn 


signal 

change 

Interferences  for  Zinc  u; 
added  electrolyte  , 

io"3m 

NaNO? 

NaBr 

Na.SO, 

2 4 

NaCl  • 

NaHC03 

Na2C03H20 


ing  the  Aliouot  Method 

percent  signal  change. 


salt 

Zn  1.1  ppm 

NaN03 

-28.2 

NaBr 

-40.2 

Na.SO. 
2 4 

-16.2 

NaCl 

-31.6 

NaHC03 

-18.6 

Na2C03-H20 

-22.7 

* The  electrolyte  is  in  approximately  a 100- fold  concentration  excess 
over  zinc. 

All  of  the  salts  caused  a depression  in  the  zinc  signal.  The  contri- 
butions to  the  observed  signal  depression  by  sodium  ion  and  the  re- 
spective anion  cannot  be  separated.  Hence,  the  reported  signal  decrease 
can  be  attributed  only  to  the  combined  effect  of  the  tmo  ions. 

The  interferences  resulting  from  the  additon  of  transition  metal 
salts  to  a standard  zinc  solution  are  listed  in  the  following  table. 


Interferences  for  Zinc  using  the  Aliquot  Method 


added  salt*, 

io"m 

salt 

percent  signal  change, 
Zn  1. 1 ppm 

MnSO^ 

MnSO.  • Ho0 
4 Z 

15 

CuSO, 

4 

CuSO,  * 5Ho0 
4 2. 

31 

CdSC. 

4 

3CdSO,  • 8Ho0 
4 Z 

12 

Fed3 

Fe  metal  in 
excess  HC1 

-30  (Zn,  2.2  ppm) 

* The  salt  is  in  approximately  a 100-fold  concentration  excess  over 
zinc. 
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All  the  metal  salts  except  ferric  chloride  gave  an  enhancement  in  the 
zinc  signal.  It  was  necessary  to  frequently  recheck  the  standard  zinc 
signal.  A possible  "memory"  effect  caused  the  signal  of  the  standard 
to  decrease  after  several  runs  containing  the  inter ferent. 

A detailed  examination  of  the  effect  by  salts  on  flameless  atomic 
absorption  signals  would  necessarily  encompass  a wide  concentration 
range  for  the  salt.  Smeyers-Verbeke  at  al.  have  demonstrated  in  a 
detailed  investigation  that  the  sign  of  the  interference  can  change 
over  a wide  concentration  range  (7).  They  reported  a 60%  increase  in 
the  manganese  signal  (50  ppb)  at  50  ppm  magnesium  as  magnesium  chloride 
and  an  80%  decrease  at  a magnesium  concentration  of  1000  ppm. 

Sensmeier  et  al.  have  noted  that  many  interferences  show  no  general 
tiend  in  their  work  with  the  tantalum  strip  atomizer,  another  flame- 
loss  atomic  absorption  technique  (9).  In  fact,  although  100  ppm  of 
cadmium,  manganese,  chromium,  and  iron  were  found  to  individually 
increase  the  silver  signal  and  100  ppm  copper  to  decrease  the  signal, 
a solution  containing  100  ppm  of  the  above  metals  in  addition  to  1 
ppm  silver  gave  no  evidence  of  signal  enhancement  or  repression. 

Although  the  study  of  interferences  gives  a quantitative  idea 
of  what  signal  change  to  expect  under  rigidly  controlled  solution 
conditions,  the  matrix  in  most  natural  water  samples  is  cither  unknown 
or  varies  from  sample  to  sample.  The  Environment  Protection  Agency 
recommends  acidifying  all  water  samples  with  nitric  acid  to  a pH  • 2 (d>. 
In  the  absence  of  significant  amounts  of  other  matrix  components,  the 
matrix  is  essentially  nitric  acid.  The  standard  additions  technique  may 
be  used  to  circumvent  the  matrix  effects  by  utilizing  one  unknown 
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sample  to  obtain  a standard  additions  plot.  Thus,  other  samples  of 
similar  origin  may  be  analyzed  using  the  standard  additions  plot  as 
a calibration  curve. 

The  linear  voltage  programming  (LVP)  technique  developed  by 
Newton  and  Davir  (5)  is  helpful  whenever  matrix  effects  exist.  The 
temperature  of  the  loop  can  be  raised  above  the  normal  atomization 
temperature  thus  clearing  the  x-jirc  loop  of  deposits  that  tend  to  corrode 
the  surface  and  create  memory  effects.  This  process  can  be  improved 
by  varying  the  ramping  rate  of  the  LATP  variac  with  the  output  of 
another  variac.  The  separation  of  analyte  and  background  peaks  is 
then  a possibility. 


ramping 

variac 

output 
; ! 

LVP 

variac 

output 
■> 

atomization 

For  use  as  a reference  method,  the  Varian  Techtron  Hodel  63  Carbon 
Rod  was  employed  for  atomization  of  standard  zinc  samples.  As  can  be 
seen  from  the  comparison  made  below,  the  carbon  tube  atomizer  provides 
a greater  sensitivity  for  zinc  determinations  that  is  possible  with  the 
wire  loop  aliouot  method. 


sensitivity,  ppm 

absolute  sensitivity, g 

carbon  tube  (5jiC,)  3.7  x 10  ^ 

-ia 

1.C5  x 10 

aliquot, wire  loop(5p£)  ,1.7  x 10 

-13 

8.5  x 10 

The  comparison  is  particularly  relevant  since  the  sample  sizes  used 
in  the  two  methods  are  identical.  A calibration  curve  is  shoTm  in 
Figure  9 for  the  range  0-11  ppb.  It  is  essentially  linear  with 
curvature  toward  the  concentration  axis  at  higher  concentration. 


A single  power  supply,  built  by  the  electronics  and  machine  shops 
at  the  University  of  New  Orleans,  was  used  for  drying  and  atomizing  the 
samples.  An  atomization  setting  of  56  volts  and  a drying  setting 
of  16-17  volts  were  used  for  determing  zinc.  A nitrogen  flow  rate 
of  3,5-4  liters/minute  was  used  as  recommended  by  the  Varian  Techtron 
Model  63  manual  (6).  However,  hydrogen  gas  was  not  employed  although 
the  Varian  manual  recommends  its  use  (10). 

Pyrolytically  coated  carbon  tubes  and  electrodes,  obtained  from 
Varian,  were  used  in  conjunction  with  the  carbon  rod  work  head.  The 
pyrolytic  coating  prevents  liquid  samples  from  soaking  into  the  surface 
of  the  tube  (11). 

The  exterior  of  the  tubes  and  electrodes  exhibit  a pitted  appear- 
ance after  repeated  use.  Since  the  sample  solution  tends  to  soak  into 
the  pitted  areas,  a lowering  of  the  corresponding  signal  height  is 
observed.  By  holding  the  disposable  tip  of  the  autopettc  in  the 
carbon  tube  aperture  for  approximately  20  sec,  this  problem  can  be 
alleviated.  Clyburn  £t  al.  suggest  using  a gas  stream  that  includes 
methane  in  addition  to  argon  (12).  Uith  the  tuba  heated  at  a tempera- 
ture above  2000°C,  the  methane  deposits  a layer  of  nonporous  pyrolytic 
graphite.  The  disposable  pipet  tips  become  coated  with  graphite  after 
extended  use  and  this  coat  is  not  removed  upon  acid  treatment.  How- 
ever, since  the  cost  per  tip  is  nearly  5 cents,  acid  cleaning  of  the 
tip  is  recommended  after  use  in  the  aliquot  method. 

Varian  Techtron  sells  a power  supply  for  its  Model  63  carbon  rod 
atomizer  which  can  be  programmed  to  carry  out  drying,  ashing,  and 


lit* 


atomisation  of  the  sample.  However  the  cost  ($4300)  is  rather  high. 
Likewise,  the  graphite  tubes  and  electrodes  represent  an  investment 
of  130  and  205  dollars  per  package  of  50,  respectively. 
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7inc  Determination  by  Atomic  Absorption  Spectrometry 


Figure  7.  Aliquot  Method 
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Figure  3,  Aliquot  Method 
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Figure  9,  Carbon  Tube  Method 
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The  tungsten-rhenium  wire  loop  has  been  shown  to  absorb  radiation 
at  248.3  nm  from  an  iron  HCL  when  the  loop  is  heated  without  any  sample 
on  the  wire.  Upon  prolonged  heating  at  a given  atomization  temperature, 
the  absorbance  will  gradually  decrease.  Figure  10.  Heating  the  loop 
at  and  above  the  normal  atomization  setting  for  a time  will  gradually 
establish  a stable  baseline  near  0.00-0.01  absorbance  units.  With 
the  assistance  of  an  X-ray  fluorescence  unit,  the  presence  of  iron 
in  the  tungsten-rhenium  alloy  was  qualitatively  yet  unequivocally 
established. 

Since  it  had  been  previously  established  that  the  soaking  method 
preferentially  concentrates  the  more  highly  charged  positive  ions 
on  the  wire  loop  relative  to  ions  of  lesser  positive  charge,  this 
method  was  also  attempted  for  the  determination  of  iron.  However, 
no  obvious  correlation  between  absorbance  and  concentration  of  iron 
was  observed  for  soaking  times  of  50  seconds.  At  this  point  one 
might  surmise  that  although  the  iron  preconcentrates  on  the  loop 
there  is  a problem  in  the  atomization  process.  On  the  other  hand, 
preliminary  results  obtained  from  the  aliquot  method  indicate  a 
correlation  of  signal  peak  height  with  concentration.  Figure  11. 

At  least  for  the  aliquot  method,  the  atomization  process  occurs 
without  difficulty. 
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Iron:  wavelength,  248.3  run 

slit  width,  50  p 
lamp  current,  5 mA 

An  atomization  setting  of  35  was  employed  in  the  iron  analyses. 

Calibration  curves  for  iron  over  the  concentration  range  0-212 
ppb  are  given  in  Figures  12  and  13  for  the  aliquot  and  carbon  tube 
methods,  respectively.  The  sensitivities  and  absolute  sensitivities, 
calculated  for  iron  using  both  the  aliquot  and  carbon  tube  techniques, 
are  listed  in  the  following  table. 

sensitivity,  ppm  absolute  sensitivity, g 
carbon  tube  (5p-L)  7.2  x 10  ^ '.6  x 10  ^ 

aliquot,  wire  loop(5  p£.)  1.9  x 10  ^ 9.4  x 10  ^ 

When  using  the  Model  63  carbon  rod  atomizer,  the  contact  between 
the  electrodes  and  the  tube  must  be  snug  at  all  times  to  allow  for 
reproducible  current-voltage  characteristics.  At  higher  atomization 
temperatures,  e.g. , a rheostat  input  of  95  volts,  the  front  and  back 
electrodes  do  not  maintain  a snug  contact  with  the  tube  upon  repeated 
heating  and  cooling.  Although  tightening  of  the  front  electrode  knurled 
clamping  screw  with  pliers  has  been  suggested  (10),  the  back  elec- 
trode also  needs  readjustment  to  maintain  good  optical  alignment. 

At  the  higher  atomization  temperature,  the  electrodes  and  tubes 
become  pitted  rapidly,  however,  sample  introduction  occurs  without 
difficulty  as  long  as  the  autopette  tip  remains  in  the  aperture  for 
20  seconds  and  then  is  quickly  withdrawn.  The  new,  flexible  auto- 
pette tips  from  Varian  are  much  more  suitable  for  this  purpose  than 

their  predecessor. 

Re fcrcnccs : 

1)  Private  communication,  John  Morrow,  Varian  applications  chemist. 


Iron  Determination  by  Atomic  Absorption  Spectormctr 


Figure  11,  Aliquot  Method 
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Figure  12.  Aliquot 

Method 
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Figure  13,  Carbon  Tube  Method 
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, Figure  10.  Absorbance  Profile  at  248.3  ntn  Produced  by  lleati 
; Rhenium  Wire  Loop  Atomizer  (Atomization  Variac  s 
tA  given). 
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CHROMIUM 


Several  reports  have  recently  appeared  indicating  the  significance 
of  the  valence  state  of  chromium  in  the  determination  of  chromium 
by  flame  atomic  absorption  spectrometry.  Green  suggests  the  use  of 
hydrogen  peroxide  to  convert  all  chromium  to  the  chromium  (III) 
state  which  may  be  determined  with  a greater  sensitivity  than  the 
chromium  (VI)  valency  state  (1).  Crcsccr  and  Hargitt  noted  the  signifi- 
cance of  pH  control  in  analyzing  solutions  containing  chromium  (VI) 

(2).  A nitrous  oxide-acetylene  flame  appeared  to  minimize  the  variation 
in  the  observed  signal  as  the  pH  was  varied  between  3 and  9.  However, 
little  has  apneared  to  date  in  the  literature  regarding  the  signifi- 
cance of  valency  in  determining  metals  and  ncnnetals  by  flameless 
atomic  absorption.  In  work  with  a quartz-tube  furnace,  Vijan  and  Mood 
have  shoTm  selenium  (VI)  to  give  absorbance  signals  approximately  6C>7. 
lower  than  the  corresponding  selenium  (IV)  signals  (3).  Thus,  It  "as 
of  interest  to  investigate  the  effect  of  valency  in  th  chromium 
system  upon  the  absorbance  signals  observed  employing  the  tungsten- 
rhenium  ’’ire  loop  atomizer  of  Newton  and  Davis  (4). 

Standard  stock  solutions  of  1000  ppm  chromium  were  prepared 
from  potassium  dichromate  (Baker  A.R. ) and  chromium  metal  (Sargent 
chromium  metal,  carbon  free,  lump)  dissolved  in  reagent  grade  hydro- 
chloric acid.  The  form.-r  solution  contains  chromium  (VI)  and  the 
latter  chromium  (III). 

The  instrument  parameters  for  the  Varian  Techtron  AA-5  atomic 
absorption  spectrophotometer  were  adjusted  according  to  Varian' s 
Analytical  Methods  for  Flame  Spectroscopy  (5) 
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chromium: 


* 

j 


V 

; ''4 

r # 
* ‘ 


Wavelength 
HCL  current 
slit  width 


’57.9  run 
5 mA 
50  p 


A sample  aliquot  of  13.3  p£  uas  reproduceably  dispensed  by  a 
Varian  "Autopettc".  The  nitrogen  gas  flow  was  maintained  at  1.959 
liters /minute,  and  the  hydrogen  gas  flow  was  maintained  at  < 225 
ml/minute  during  the  atomisation  stage. 

The  Variac  used  in  vaporizing  the  solvent,  water,  T,,as  always  set 
on  10  Linear  voltage  programming  (LATP)  was  utilized  throughout  the 
work  with  chromium.  The  LVP  mode  has  several  advantages  in  that 
relatively  nonvolatile  compounds  are  routinely  cleared  a*cm  the  wire 
loop  after  atomization  of  the  analyte,  memory  and  matri::  effects  being 
subsequently  reduced,  and  the  variation  of  the  optimum  variac  setting 
for  atomization  of  a given  element  with  the  age  of  the  wire  loop  is 
no  longer  a problem.  The  physical  characteristics  of  other  nonflame 
atomizers  are  also  altered  significantly  after  repeated  use  (6). 

In  Figure  14,  calibration  curves  are  given  for  both  chromium  (VI) 
and  chromium  (III)  over  the  concentration  range  0-100  ppb.  The 
calibration  curve  constructed  from  the  chromium  (VI)  standards  has 
the  larger  slope  indicative  of  the  greater  sensitivity  for  this 
valence  state  with  the  wire  loop  atomizer.  The  sensitivities  and 
absolute  sensitivities  as  calculated  in  reference  (7)  are  tabulated 
below  for  both  valence  states  of  chromium  studied  here. 

aliquot  method  (13-3p£)  sensitivity,  ppm  absolute  senstivitv,  g 


chromium  (VI) 
chromium  (III) 


2.45  x 10 
3.39  x 10” 


3.26  x 10 
4.52  x 10' 


-11 

■11 
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Apparently,  the  elemental  state  o£  chromium  is  more  readily 
attainable  frem  chromium  (VI)  than  from  chromium  (III).  However , 
the  exact  mechanism  by  which,  either  oxidation  state  is  reduced  to 
chromium  (0)  is  uncertain  at  the  present  time. 

In  Figure  15,  calibration  curves  are  given  for  both  chromium 
(VI)  and  chromium  (III)  up  to  1.0  ppm.  As  expected,  the  absorbance 
signal  for  chromium  (VI)  is  greater  than  for  chromium  (III)  at  a 
given  concentration. 

The  effect  of  a variety  of  1 mM  metal  salts  and  1 mM  sodium 
salts  of  common  anions  on  the  absorbance  signal  of  a 1.0  ppm  chromium 
solution  is  delineated  in  the  two  following  tables.  The  use  of  linear 
atomisation  temperature  programming  eliminates  or  reduces  many  of  the 
interferences  evaluated  in  this  limited  study.  The  interferences 
noted  all  lead  to  a depression  of  the  chromium  signal  and  the  effect 
is  particularly  serious  in  the  presence  of  FeCl^>  iron  salts  being 
considerably  less  volatile  than  the  other  metal  salts  examined.  The 
low  volatility  of  the  iron  salt  prevents  volatilization  of  the  chromium 
species  on  the  wire  loop. 

The  Effect  of  Various  Sodium  Salts  on  the  Absorbance 
of  CrCl3  Solutions. 

added  electrolyte,  '’ercent  signal  changes 


Salt 

10  M 

Cr  1.0  ppm 

NaN03 

NaNC3 

-10.6 

Ua2S04 

Ha-SO. 
2 4 

-13.0 

NaCOyH-O 

Na2C°3 

0.0 

NaCl 

NaCl 

0.0 

0.0 


NaBr 


NaBr 


The  Effect  of  Various  Metal  Salts  on  the  Absorbance  of  CrCl, 


Solutions : 


Salt 


added  electroly tes, 
10~3M 


Percent  signal  change." 
Cr  1.0  ppm 


Pb(N03)2 

Pb(N0„). 

0.0 

7 n (NO^  ) £ ( HNO^ma  tr  i:: ) 

Zn(N03)2 

0.0 

3CdS0.  % H„0 
4 2 

CdSC4 

0.0 

KnSC4- H20 

I'inSC4 

0.0 

CuSC4- 5H20 

CuSC4 

19.2 

FcC13(HC1  matrix) 

FeCl3 

-58.7 

. 

! 

: i 

i 

I 
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It  x;as  also  desirable  for  comparative  purposes  to  examine  the 
determination  of  chromium  using  a carbon  tube  atomizer.  Standard  chromic 
chloride  solutions  were  atomized  in  the  presence  and  absence  of  hydro- 
gen gas  (flow  rate,  2 liters/minute).  In  this  fashion  the  effect  of  the 
reducing  atmosphere,  provided  by  hydrogen  gas,  on  the  chromium  absorbance 
signal  cound  be  evaluated. 

All  instrument  operating  parameters  were  identical  to  the  wire 
loop  work.  Power  supply  settings  of  17  and  95  volts  were  utilized 
for  the  drying  and  atomization  stages,  respectively,  The  Varian  Tech- 
tron  CRA-63  ^orkhead  was  used  in  conjunction  with  pyrolytically  coated 
carbon  tubes  and  electrodes  available  from  Varian.  The  recommended 
flow  rate  for  the  nitrogen  sheathing  gas  of  ~ 4. liters/minute  was 
also  employed. 

From  Figure  16  one  can  readily  conclude  that  the  presence  of 
hydrogen  gas  in  the  gas  stream  during  the  atomization  process  im- 
proves the  absorbance  signal  for  the  chromic  chloride  solutions.  The 
reducing  atmosphere  provided  by  the  hydrogen  gas  during  the  atomization 
process  prevents  formation  of  refractory  oxides  to  a greater  extent 
than  in  the  presence  of  nitrogen  gas  alone.  The  formation  of  chromic 
oxide  from  chromium  metal  is  thermodynamically  quite  favorable 
(AG  = -460  kj/molc). 

The  sensitivities  and  absolute  sensitivities,  calculated  for  the 
determination  of  chromium  by  the  carbon  tube  atomizer  technique,  arc 
given  below: 

Carbon  tube  iiethod  (Sui.)  Sensitivity,  ppm  absolute  sensitivity,  g 
with  R»  gas  1.25  :c  10"3  6.25  x 10"12 

z _3  _12 

without  gas  1. 5°  x 10  7.96  x 10 
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SILVER 


The  soaking  method  uas  utilized  for  silver  in  the  hope  of  attaining 
the  necessary  sensitivity  to  analyze  natural  waters  which  commonly  con- 
tain less  than  2 ppb  silver  (1).  The  instrument  and  HCL  parameters  were 
adjusted  according  to  the  Varian  Analytical  Methods  manual.  An  atomi- 
zation setting  of  22  was  employed. 

Silver:  wavelength,  328.1  nm 

slit  width,  lOOp 
lamp  current,  3 mA 

All  silver  standards  were  freshly  prepared  by  serial  dilution  of  a stand- 
ard silver  nitrate  solution  (973)  ppm).  Baker  A.  R.  silver  nitrate 
(0. 7664  g)  was  dissolved  in  10-15  ml  of  concentrated  nitric  acid  and  di- 
luted to  500-ml  in  a volumetric  flask.  For  each  silver  c : ncentration, 
five  milliliter  samples  were  pipetted  into  the  5-ml  polypropylene  beakers 
discussed  earlier. 

The  calibration  curve  for  a 100  second  second  soaking  time  (0-39  ppb) 
has  two  linear  portions;  the  first  portion  extending  between  0 and  27  pp!  , 
Figure  17.  For  a 200  second  soaking  time,  two  ranges  of  approximate  lin- 
earity are  again  observed  with  the  first  portion  corresponding  to  0-19 
ppb.  From  the  calibration  curve  for  the  region  encompassing  48-780  ppb, 
two  linear  sections  are  found  (48-194  ppb,  and  194-780  ppb),  Figure  18. 

The  sodium  salts  of  nitrate,  carbonate,  sulfate,  and  bicarbonate 
were  examined  at  a concentration  of  1 nK  for  any  effect  on  the  absorbanre 
of  a 1 ppm  silver  solution  (as  silver  nitrate).  The  results  for  sodium 
sulfate  and  bicarbonate  were  statistically  identical  to  those  for  silver 


nitrate  alone. 


Interferences  for  Silver  using  the  Soaking  Method-’- 


.3 

added  electrolyte,  10  H percent  signal  change  . Ag  1 ppm 

NaN03  -6. 17= 

U.i2C03  14. 6 

NaHC03  0.0 

Na.SO,  0.0 

*50  second  soaking  time,  100- fold  concentration  excess  of  electro- 
lyte over  silver. 

Cne  millimolar  cadmium  sulfate  and  manganese  sulfate  each  gave  no 

effects  on  the  silver  signal,  but  cupric  sulfate  (63  ppm  Cu)  increased 

the  silver  signal  dramatically.  Since  copper  has  atomic  transition  line 

o 

at  3273.96  and  3279.82  A of  which  the  former  is  much  more  intense  and 

o 

silver  has  an  atomic  transition  at  3280.68  A (2),  it  is  conceivable 
that  copper  atoms  could 


Interferences  for  Silver  using  the  Soaking  Kethod* 

-3 

Added  salt,  10  M percent  signal  change,  Ag,  1 ppm 

tinSO^  0 

CdS04  0 

CuSO.  40. 7 

4 

*50  second  soaking  time  and  100- fold  concentration  excess 
for  salt  over  silver. 

absorb  silver  HC1  radiation  given  the  proper  slit  width.  If  the  trans- 

o 

mittance  is  set  at  1007=  for  the  3280.68  A line  used  in  silver  analyses, 
the  radiation  from  the  copper  HCL  at  this  wavelength  is  approximately 
57=  T.  However,  no  absorbance  can  be  observed  at  the  silver  analytic  il 
wavelength  using  the  copper  HCL  and  a solution  containing  1 nh  cupric 
sulfate  and  1 ppm  silver.  Thus,  rather  than  the  enhancement  being  a 
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direct  result  of  copper  absorption  of  silver  HCL  radiation,  some  other 
interaction  must  be  the  cause. 

The  sensitivities  for  the  carbon  tube  and  soaking  methods  for 
determining  silver  are  listed  in  the  following  table. 

sensitivity , ppm  absolute  sensitive  ty  ,_  g 


carbcn  tube  (5pt) 


2.7  r 10 


1.35  x 10 


soaking,  wire  loop  (5  ml) 
100  sec 
200  sec 


5.2  x 10‘ 
3.1  x 10' 


2.62  x 10"9 
1.55  x 10~9 


The  calibration  curve  for  silver  employing  the  carbon  rod  is  quite 
linear  (0-39  ppb).  Figure  19.  Uith  the  exception  of  an  atomization 
setting  of  65  for  the  carbon  tube  atomiser  power  supply  all  conditions 
are  similar  to  the  zinc  analysis. 

In  Figure  20,  a calibration  curve  is  shown  for  the  determination  of 
silver  in  the  region  0-156  ppb  by  the  aliquot  method  using  IVP.  The 
plot  exhibits  curvature  toward  the  x-aris  of  concentration  greater  than 
39  ppb  silver.  The  sensitivities  and  absolute  sensitivities  are  given 
for  the  aliquot  method  as  well  as  the  soaking  method  as  a means  of  com- 
paring the  two  trace  analysis  techniques.  Although  the  aliquot  method 
is  less  sensitive  for  the  determination  of  silver,  it  is  more  rapid 


than  the  soaking  method. 


sensitivity , ppm  absolute  sensit ivit-  . 


aliquot/method  (5  p-L)  1.72  y 10 


3.59  x 10 


Soaking  method  (5  ml) 

100  sec  soak  0.52  x 10 

200  sec  soak  0.31  x 10 


2.62  x 10  ' 
1.55  x 10-' 


i*.  . * 
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Figure  20.  Determination  of  Silver  by  the  Aliquot  Method  \;ith  LVP. * 


! Ag,  ppb 
| absorbance 

15.6 

0.04(0.004) 

59 

0.100(0.005) 

78 

0.170(0.008) 

■ 117 

0.225(0.003); 

1 

156 

0.255(0.007) 

* Standard  deviation  for  5 lit-  aliquots  given  in  parentheses. 
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Silver  Determination  by  Atomic  Absorption  Spectrometry 
rinure  17.  Soaking  IScthod 


absorbance  j 0.22(0.01) 

0.27(0.01) 

0.36(0.01) 

0.405(0.009) 

concentration,  ppbj  48. 5 

97.0 

194 

291 

1 

_ J 

0.46(0.06) 

0.62(0.05) 

| 390 

780 

i 

Silver,  p pb 


Silver,  ppb 


HABGAMESE 


Sensitivities  reported  for  the  analysis  of  Manganese  by  atomic 
absorption  spectroscopy  are  quite  good  (0.033  pg/ml)  (1)  which  requires 
careful  cleaning  of  all  materials  used  in  preparing  Manganese  solutions. 
The  procedure  recommended  by  Karin  (2)  has  been  followed  and  has  been 
described  in  detail  under  the  subheading  fine. 

All  Manganese  determinations  were  carried  out  using  both  the  aliquot 
and  soaking  methods.  The  instrument  settings  for  the  Varian  AA-5,  Varian 
Techtron  Manganese  Hollow  Cathode  Lamp  and  the  Hydrogen  Continuum  Lamp 
were  adjusted  according  to  Varian' s manual  "Analytical  Methods  for  Flame 
Spectroscopy"  (1). 

Manganese:  wavelength,  279.5  nm 

slit  width,  50p 
lamp  current,  5mA 

The  standard,  stock  solution  of  Manganese  was  prepared  by  dissolving 
1.801  grams  of  MnCl2*4H90  (Matheson,  Coleman  and  Bell,  reagent  grade) 
in  doubly  distilled,  deionized  water  and  enough  conocntraded  EG1  (Baker, 
A.R. ) to  bring  the  pH  between  3-4  upon  dilution  to  500  ml.  in  a volumet- 
ric flask.  Standard  solutions  were  prepared  by  subsequent  dilution 
of  the  stock  solution. 

A 5 &L  sample  size  was  employed  in  both  the  wire  loop  techniques  and 
the  carbon  rod  technique,  the  latter  used  as  a reference  method,  by  rnca-.j 
of  a 5K  autopipette  (autopette).  For  the  wire  loop  technique,  the 
inert  gar  flow  of  was  adjusted  to  1.959  liters/min  and  during 
atomization  a reducing  atmosphere  of  at  3 flow  w.  225  ml/min.  and 

during  atomi'-ation  a reducing  atmosphere  of  H2,  at  a flow  of  225  ml/rv'.r.. 


The  Variac  settings  "ere  as  follows:  12-drying  cycle,  35-atomization 

cycle.  These  settings  gave  the  best  signals.  All  absorbance  measure- 
ments were  determined  from  peak  heights  since  the  peaks  are  quite  sharp 
and  duration  times  are  extremely  short.  Selenium  analysis  has  been  done 
previously  in  our  labs,  recording  both  the  integrated  absorbance  and  the 
peak  height  absorbance.  Peak  height  measurements  gave  results  between 
95  and  98  percent  of  the  integrated  absorbance.  Therefore,  peak  heights 
were  used  as  the  absorbance  values. 

During  the  course  of  the  Manganese  analysis,  modifications  were 
made  on  the  support  for  the  atomiser.  With  the  aid  of  the  U.N.  0. 
machine  shop,  an  adaptor  was  constructed  to  fit  the  atomizer  to  the 


commercially  available  Varian  M-5  burner  base,  which  fits  on  the  opti- 
cal rail  and  is  equipped  with  controls  for  horizontal,  vertical  and 


rotational  alignment.  This  would  increase  the  precision  of  optical 
alignment. 

The  calibration  curve  for  Manganese  over  the  concentration  curve 
of  0.05  ppm  - 0.500  ppm  is  shown  in  Figure  21.  Between  0.200  ppm  and 
0.500  ppm  curvature  to  the  concentration  axis  is  observed.  The  curve 
intersects  the  origin  of  the  calibration  plot  indicating  no  background 
absorbance  due  to  non-atomic  absorption  was  observed.  For  the  concen- 


tration range  between  200  ppb  and  1.00  ppm  a less  sensitive  wavelength 
of  321.7  nm  may  yield  a linear  calibration  curve  (1). 


k -***-• 


An  expanded  calibration  curve  in  Figure  22  for  Manganese  solutions 
over  the  concentration  range  of  1.0  ppb  - 100.0  ppb  indicates  there  is 
curvature  towards  the  concentration  axis  above  ~ 20  ppb.  Again  the 
curve  goes  through  the  origin  indicating  no  background  absorbance  due 
to  non-atomic  absorption.  Non-atomic  background  correction  on  both 
calibration  curves  using  the  hydrogen  "ontinuum  lamp  confirmed  zero 
background  absorption.  The  same  wire  loop  was  employed  in  both  cali- 
bration curve  determinations. 

Sensitivities  for  the  determination  of  Manganese  by  the  aliquot 
method  were  calculated  according  to  reference  3.  In  order  to  calcu- 
late the  sensitivity,  a concentration  giving  an  absorbance  of  0.1  is 
employed. 

Manganese: 

Sensitivity  (ppm)  Sensitivity  (grams') 

Figure  21  1.9  x 10-3  9.6  s 10~12 

As  a reference  method,  the  Varian  Techtron  Model  63  Carbon  Rod  Atomiser 
was  used  to  analyze  the  Manganese  standard  solutions.  A calibration 
curve  employing  the  carbon  rod  atomiser  is  seen  in  Figure  23.  There 
is  greater  sensitivity  with  the  carbon  rod  method. 

Manganese: 

Sensitivity  (ppm)  Sensitivity  (grams) 
Carbon  Rod  2.8  x lO-4  1.4  x 10-12 

The  calibration  curve  exhibits  similar  shape  as  that  t c the  aliquot 

method.  There  is  linearity  to  approximately  0.260.  Between  0.200 

and  2.0  ppm  curvature  towards  the  concentration  axis  is  observed. 
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A homemade  power  supply  was  employed  to  dry  and  atomize  the  sample 
for  the  carbon  rod  analysis  (4).  A drying  setting  of  20  volts  and  an 
atomization  setting  of  80  volts  were  used  for  the  determination  of 
Manganese.  A nitrogen  flow  rate  of  4 liter s/min.  was  used  as  recom- 
mended by  the  Varian  Techtron  Model  63  manual  (3).  Hydrogen,  although 
recommended  by  the  Varian  manual,  was  not  employed. 

An  interference  study  by  the  aliquot  method  was  obtained.  Sodium 
salts  of  anions  and  transition  metal  sulfates  were  added  to  a standard 
manganese  solution  and  peak  height  absorbances  were  recorded.  The  % 
signal  change  was  calculated  by  the  following  equation: 

(Ab  Mn  - Ab  (Mn  inter  ferent)  ) x 100  ?■> 
ave  ave 

% signal  change  = 


The  result: 

are  shown  in  the  following 

table: 

io~3m 

Salt 

% Signal  change,  I 

In  200  ppb 

CuSO, 

4 

CuS04*  5^0 

-54 

! 

CdSO, 

4 

3CdS0. • 8Ho0 
4 2 

-IS 

NaN03 

NaNO^ 

-16 

Na„S0. 
2 4 

Na„SC, 
2 4 

-30 

NaCl 

NaCl 

-1 

All  of  the 

interferent  salt  solutions 

caused  a depression 

in  the  manga- 

nese  signal.  Although  it  is  realized  that  upon  addition  of  the  respec- 
tive anions,  sodium  ion  is  added,  this  could  not  be  avoided,  nor  separ- 
ated. In  the  case  of  the  transition  metal  interferences,  sulfate  iou 
was  added.  Therefore,  the  change  in  signal  can  only  De  considered  to 
be  caused  by  cation  and  anion  of  the  respective  interferent. 
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The  actual  benefit  of  such  interferent  calculations  are  in  doubt 


As  indicated  by  Smeyers-Verbeke  et. al,  in  an  extensive  study  of  inter- 
ferents,  changes  in  the  concentration  of  the  interferent  of  interest 
with  the  same  concentration  of  analyte  yielded  varying  signal  changes  (5). 
In  other  research,  in  which  Scnsmeicr  ct.al.  employed  a tantalum  strip 
atomizer,  it  was  reported  that  interferents  gave  increased  or  decreased 
silver  signals.  Uhen  a solution  of  silver  containing  all  the  inter- 
ferents was  analysed,  there  was  no  effect  on  the  silver  signal  (6). 

Previous  results  in  our  lab  also  show  that  there  are  no  general  trends 
in  interference  studies  (4,  7). 

To  further  substantiate  the  result..,  mentioned  above,  a solution  of 
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0.209  ppm  Kn  containing  each  of  the  interferents  at  a 10  F concentration 
led  to  a decrease  in  signal  which  obviously  could  not  be  deduced  quanti- 
tatively from  the  results  of  the  individual  interferents.  The  7>  signal 
change  of  this  solution  was  40. 

The  problem  of  interference  to  an  atomic  absorption  measurement  can 
best  be  circumvented  by  the  method  of  standard  additions.  In  this  method 
a small  volume  of  unknown  sample  is  added  to  a constant  volume  of  each  of 
the  standard  solutions.  A Beer's  Law  Plot  is  constructed,  and  at  the  point 
the  curve  intersects  the  concentration  axis,  the  unknown  sample  concen- 
tration is  obtained. 

At  the  time  the  calibration  curve  was  obtained  for  the  carbon  rod 
atomizer.  Figure  22,  samples  from  the  army  wore  analyzed.  Results  a;,  e 
shown  in  the  following  table: 
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Sample  Humber 

Absorbance  (ave) 

Concentration  Found  fppn) 

15 

1.25 

0. 110 

21 

1.59 

0. 155 

22 

1.54 

0.  150 

23 

1.53 

0.145 

24 

1.39 

0.130 

Attempts  were  made  to  use  the  aliquot  method  in  determining  the  unknown 
army  sample  concentrations.  However,  due  to  large  matrix  effects,  there 
were  problems  with  reproducability.  Several  attempts  were  made  to  re- 
move these  effects,  including  Linear  Voltage  Programming  (4),  but  all 
attempts  failed.  The  aid  of  a standard  additions  pldt  might  help  ex- 
plain this  problem,  but  due  to  the  limited  volumes  of  unknown  sample 
available,  this  was  not  possible.  Through  future  research  we  hope  to 
explain  this  problem. 

liany  calibration  curves,  other  than  the  representative  ones  des- 
cribed here  in  exhibit  slight  changes  in  shape  and  range  of  linearity. 

Cne  parameter  that  can  account  for  this  change  is  the  wire  loop  con- 
struction. Since  the  ”ire  loops  are  hand-constructed,  reproducability  is 
only  fair.  Uith  the  aid  of  the  U.N.O.  machine  shop,  a template  was 
recently  constructed  to  improve  the  shape  and  reproducability  problem. 
Results  of  this  improvement  will  be  discussed  in  our  next  quarterly 
report. 

The  oaking  method  (3)  was  also  investigated  for  manganese  analysis. 
The  results  werr  spurious.  There  were  soaking  times  as  long  as  1500 
seconds  with  little  or  no  signal  obtained. 

The  mechanism,  during  the  soaking  analysis,  for  an  analyte  to  pre- 
concentrate on  the  wire  loop  has  been  described  by  an  ion-exchange  tveh  - 
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mechanism  (3).  L’nnganese  being  a -i2  cation  would  therefore  be  expected 
to  prcconcenti*ate  on  the  wire.  It  is  anticipated  that  future  surface 
studies  of  the  wire  surface  and  mechanistic  studies  of  the  solution-wire 
interface  will  batter  explain  the  prcconccntration  phenomenon. 

Cne  last  point  is  worth  mentioning.  A quantitative  determination  o 
the  relative  concentrations  of  manganese  that  would  be  detected  by  the 
carbon  rod  method  and  not  by  the  aliquot  method  has  been  computed.  The 
calculation  is  as  follows: 

^6  pg/g  (sensitivity  (g)  (aliquot)  - sensitivity  (g)  (carbon  rod)  ) 

_ 

r>  x 1 0 ml  sample  volume 
The  results  are  as  follows: 

Result 

Figure  21  vs.  Figure  23  1.6  ppb 

At  a concentration  which  gives  1%  absorption,  there  is  only  a difference 
of  1-2  ppb  between  the  two  methods.  This  is  quite  small  and  is  offered 
here  to  emphasise  that  sensitivity  measurements  must  be  inspected 
carefully. 
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MANGANESE  DETERMINATIONS  BY  A.  A|  SPECTROSCOPY 
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Figure  21  Aliquot  Method 
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Figure  2,  Con’t. 
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Figure  22  Expanded  Working  Cu i -ve.  Aliquot  Method 


Absorbance 

.003 

.023 

.042 

0.114 

0. 134 

Concentration,  ppb 

1.0 

6.0 

10.0 

50.0 

100.0 

Standard  Deviation 

0.00 

0.002 

» 

0.003 

0.00 

0.009 

Figure  23  Carbon  Rod  Method 
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Figure  22.  An  Expanded  Working  Curve  for  the  Determination  of  Manganese 
by  the  Aliquot  Method. 


CADHIUM 


All  cadmium  determinations  were  carried  out  using  the  aliquot  method 
and  the  Perkin-Olmer  306  MS.  The  recommended  operating  conditions  are  (1> 

Cadmium:  Uave length 

Slit  width  setting 
Lampcurrent:  10  ma 

Atomization  settings  of  38-42  and  a drying  setting  of  20  were  utilized. 
Higher  drying  settings  yielded  erratic  absorbance  signals  - suggesting 
that  some  sample  may  be  valatilized  at  high  drying  temperatures.  Either 
argon  or  nitrogen  were  used  as  the  sheathing  gas  since  both  yeilded 
similar  sensitivities.  A Nitrogen  flow  rate  of  2.44  t/min  and  a hydro- 
gen flow  rate  of  204  ml/minute  resulted  in  the  best  sensitivity  and 
increased  loop  life. 

Two  stock  1000  ppm  Cd.  solutions  have  prepared  from  anhydrous  CdC^. 

One  of  these  is  about  six  months  old  and  consists  of  ].  6310  grams  of  CdCl  . 

tL 

dissolved  in  1 liter  of  distilled,  deionized  water.  The  other  solutior 
is  about  one  week  old  and  was  prepared  by  dissolving  1.6310  g of 
and  about  2/3  ml  of  concentrated  HNO^  in  enough  distilled,  deionized 
water  to  yield  1 liter  of  solution  at  a pH  of  2.  The  nitric  acid  may  be 
necessary  to  prevent  absorption  losses  onto  the  container  wails  since 
0.1  ppm  standard'-  prepared  from  each  of  the  stock  solutions  yeilded 
very  different  absorbance  readings.  The  sample  prepared  from  the.  pH  2 
stock  read  0. 17  absorbance  units  higher  than  a 0. 1 ppm  stardard  p e.isre  ■. 
from  the  older,  unacidified  stock  solution. 

Figure  24  shows  the  calibration  curve  extablishid  for  Cadmium. 

Sensitivity,  ppb  Sensitivity 

.£8  4.4  x lO'^g 


Cadmium,  5)>L  aliquot 


COPPER 


All  glassware  and  polyethylene  or  propylene  sample  storage  bottles 

TM 

are  cleaned  by  soaking  and  scrubbing  with  micro  soap  solution,  rinsed 
with  copious  amounts  of  tap  water,  then  with  1:1  nitric  acid,  and  finally 
with  1-2  mega-ohm  distilled-deionised  water.  When  necessary,  films  and 
stains  that  are  not  removed  in  the  above  procedure  are  treated  with 
K2^r2°7”^2S04  clean^n8  solution,  then  rinsed  with  tap  water,  and  treated 
by  the  procedure  described  above. 

The  water  used  for  the  final  rinse  and  for  the  preparation  of  solu- 
tions is  made  with  a Corning  Ultra-Pure  apparatus  set  up  as  follows: 
tap  water  is  passed  through  a Sears  filter  to  remove  dirt  and  large 
particulate  matter;  then  through  a Barnstcad  high  capacity  mixed  resin 
deionizer;  distilled  in  a glass  of  1 liter  capacity;  collected  in  a 
polypropylene  bottle  from  which  it  may  be  further  purified  by  passage 
through  two  Corning  filters  - the  first  removes  organics,  the  second 
is  an  ultar-pure  deionizer.  The  conductivity  of  the  water  is  monitored 
and  the  water  is  rejected  if  its  resistance  is  less  than  1 mega-ohm. 
Problems  were  encountered  when  the  beads  of  the  ultra-pure  deionizer 
sloughed  off  into  the  storage  vessel  (a  four  gallon  polypropylene 
aspirator  bottle).  Therefore  the  water  was  filtered  through  filter 
paper  before  it  flows  into  the  storage  bottle.  This  stored  water  never 
yields  any  absorbance  signal  when  analyzed  as  a blank. 

All  solutions  are  transferred  to  polypropylene  bottles  immediately 
after  being  prepared.  Absorption  losses  on  container  walls  do  not 
seem  to  be  a problem  with  copper  - at  least  for  storage  periods  of 
up  to  one  month  as  shown  in  Table  1. 


Table  I 


Absorbance  of  1 Month  Old  and  Freshly  Prepared  Copper  Standards 


Sample  Absorbance 

1 month  old  20  ppb  Cu  . 0090 

Freshly  prepared  20  ppb  Cu  . 0096 

1 month  old  30  ppb  Cu  . 0120 

Freshly  prepared  30  ppb  Cu  .012G 


Serial  dilutions  are  usually  made  with  a 50  ml-class  A buret. 

The  5 ml  sampling  cups  were  used  directly  from  the  package  with  no 
further  treatment  or  cleaning.  Disposable  auto-pipet  (5  microliter 
delivery)  tips  were  rinsed  several  times  with  the  solution  being  analyzed 
before  being  used  to  transfer  that  particular  solution.  It  was  not 
necessary  to  use  a separate  tip  for  each  sample 

The  results  obtained  with  the  soaking  technique  are  very  sensitive 
to  the  amount  of  loop  immersed  in  the  sample.  In  order  to  insure  a 
reproducible  soaking  depth  from  sample  to  sample,  it  was  determined 
that  a volume  of  6. 3 ml  in  the  sampling  cup  containing  a magnetic  stir- 
ring bar  gave  the  greatest  amount  of  loop  submersion  without  wetting  the 
contacts  on  the  cell.  10  ml  pipets  graduated  in  0. 1 ml  intervals  arc 
used  to  pipet  samples  into  the  sampling  cup.  The  magnetic  stirring  bar 
is  rinsed  thoroughly  with  distilled  water,  dried,  and  placed  in  the 
sampling  cun  with  ivory  dipped  forceps  before  the  sample  is  pipetted. 

The  Perkin-Elmcr  Model  306  used  for  these  studies  (the  Varian  AA-5 
was  used  for  most  other  work)  is  a double  beam  instrument  which  can  be 
operated  with  a simultaneous  deuterium  are  background  corrector  (DABC. ) 
Mhen  the  DABC  is  in  use,  the  instrument  becomes  a single  beam  with  the 
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hollow  cathode  end  deuterium  arc  sources  being  passed  alternately  through 
the  optical  system.  A multi-element  (Co,  Cu,  Fe,  Mn,  Mo)  Perkin  Elmer 
HCL  was  operated  at  the  recommended  settings  (1): 

Copper:  wavelength  324.8  nm 

slit  width  setting:  4 
Lampcurrent:  30  ma 

In  order  to  obtain  corrected  absorbance  readings  with  the  D<ABC,  it  is 
necessary  to  adjust  the  HCL  until  the  images  from  both  sources  are 
superimposed.  A recorder  deflection  of  less  than  .05  absorbance  units 
when  the  combined  HCL  and  DABC  beams  are  interrupted  with  a card  indi- 
cates that  the  two  sources  are  properly  aligned.  (1)  Aqueous  copper 
standards  yielded  similar  absorbance  readings  with  and  without  the  CAbC . 
The  results  reported  in  this  annual  report  were  obtained  with  the  loop 
at  the  focal  point  of  the  HCL.  An  alternative  procedure  in  which  the 
loop  would  be  located  at  the  focal  point  of  the  DABC  has  not  yet  been 
examined. 

A drying  setting  of  30  and  an  atomization  setting  of  70-76 
on  the  NSU  power  supply  were  used  for  the  analysis  of  copper.  The  best 
sensitivity  for  copper  was  obtained  at  atomization  settings  of  24-26 
on  the  UNO  power  supply.  An  argon  flow  rate  of  1.5  -t/min  and  a hydrege; 
flow  rate  of  .15  -£,/min  gave  the  best  results  for  copper. 

Recorder  expansions  of  :<3,  xlO,  and  x30  arc  available.  Usually 
an  expansion  of  x3  or  xlO  is  employed  - the  x30  expansion  yields  too 
much  noise  with  the  DABC  in  use.  At  xl,  full  scale  deflection  corres- 
ponds to  a 10  mv,  1 absorbance  unit  signal.  No  other  recorder  sensitH 
ties  were  available  in  the  past  although  a 1 mv  mobile  is  nc  • cvailr,'  i 
for  use. 
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Soaking  technique  - 

An  open  loop  (figure  5)  ic  used  for  the  soaking  method.  6.8  ml  of 
solution  are  pipetted  into  a cup  is  raised  to  the  position  that  yields  the 
maximum  amount  of  loop  submersion  without  wetting  the  contacts  and  cell 
body.  This  position  is  used  for  all  subsequent  samples.  The  timer  is 

set  at  0 seconds,  turned  on,  and  when  the  hand  passes  the  10  second  mark 

the  cup  is  raised.  At  the  appropriate  time  (usually  20  seconds  later) 
the  sampling  cup  is  lowered.  The  rinsing  cup  containing  distilled  water, 
which  is  not  stirred,  is  then  raised  and  the  loop  rinsed  for  2 seconds. 

The  air-driven  stirrer  is  left  on  c<  utinuoucly  during  the  entire  cycle. 

The  loop  is  then  dried  for  5 seconds  at  a value  of  30  on  the  drying 

variac.  The  brass  enclosure  is  then  moved  into  place  over  the  loop,  the 

hydrogren  turned  on,  and  10  seconds  later  the  sample  is  atomised.  Occas- 
ionally the  loop  is  cleaned  at  a setting  higher  than  the  atomisation 
setting  (with  the  drying  variac)  to  remove  any  buildup.  This  buildup 
has  not  so  far  been  encountered.  The  hydrogen  is  turned  off  after 
atomization  or  cleaning  and  a new  cycle  ic  begun.  Argon  flows  continu- 
ously over  the  loop  for  both  the  soaking  and  aliquot  methods  of  sampiii.g 
Aliquot  Technique  - 

A closed  single  loop  is  used  for  the  aliquot  method.  (Fig.  5) 

The  campling  cycle  for  the  aliquot  method  consists  of  pipetting 
the  sample  onto  the  loop,  drying  at  a setting  of  307»  until  the  sample  in- 
visibly dry,  eliding  the  brass  enclosure  into  place,  turning  on  the 
hydrogen,  and  10  seconds  later  atomiring  the  sample.  The  hydrogen 
is  then  turned  off  after  power  to  the  loop  is  discontinued  and  a new 
cycle  begun.  quot  method  is  considerably  less  time-consuming 
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and  tedious  than  the  soaking  method. 

Analysis  of  Data  - 

Peak  heights  are  measured  from  an  average  baseline  before  the 
atomisation  peak  with  a millimeter  ruler,  recorded  in  millimeters,  then 
converted  to  the  appropriate  absorbance  reading  through  calculations 
involving  the  scale  expansion  used.  At  least  5 readings  are  taken  ><n 
each  sample.  The  standard  deviation  is  calculated. 

Results  and  discussion  - 

In  the  soaking  method,  sensitivity  is  increased  if  the  sample  is 
stirred  while  the  loop  is  immersed  in  the  solution.  A 0.1  ppm  copper 
solution  was  analysed  by  soaking  for  20  seconds.  Absorbance  readings 
of  0.021  and  0.014  were  obtained  tor  ^oaking  with  and  without  stirring, 
respectively.  For  the  series  of  readings  where  the  solution  was  not 
stirred  during  immersion,  the  solution  was  stirred  in  between  soakings. 

A soaking  time  versus  absorbance  study  was  performed  and  the  results 
shown  in  Figure  25.  Sensitivity  can  be  improved  by  employing  longer 
soaking  times  although  the  curve  begins  to  level  at  longer  soaking  times. 

Figure  26  shows  the  results  of  an  absorbance  versus  concentration 
study  using  the  soaking  method  tjhile  figure  27  depicts  a calibration 
curve  for  a Sut  sample  sir.c  using  the  aliquot  method.  A comparison  of 
the  sensitivities  realized  with  both  methods  is  shown  in  the  following 
table. 


sensitivity,  ppb 

absolute  sensit  '-v  :.y 

Figure 

26, 

soaking  method 
(6.8  ml) 

9 ppb 

6. 1 xlO  ® g 

Figure 

27, 

aliquot  method 

(5  lit) 

9 ppb 

4.5  x 10"11  5 
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Although  it  originally  appearod  that  deliberately  o-cidizing  the 
by  hoaMne  1 1 to  the  atomization  temperature  without  hydrogen  would 
lead  to  increased  sensitivity  for  the  soaking  method  it  appears  that 
the  limitation  (decreased  loop  lift  and  peer  precision)  inherent  in  this 
method  arc  too  severe  to  warrant  its  adoption. 

Attempts  to  oxidize  the  loop  by  soaking  it  in  either  a IF  HNO^ 
solution  or  in  a 3 x 10  F I'^Cr^G^,  0. 18  F solution  in  order  to 

increase  the  amount  of  copper  that  precontentrates  on  the  loop  were 
unsuccessful.  No  increase  in  sensitivity  was  observed  a.Tter  these  treat- 
ments. 
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LEAD 


Using  flame  atomic  absorption  spectrometry  the  sensitivity  calcu- 
lated for  the  determination  of  lead  is  0.11  ppm  at  217.0  run  (1).  In 
this  work  wc  will  report  the  sensitivity  and  absolute  sensitivity  for 
lead  using  the  wire  loop  aliquot  method. 

Experimental 

Materials 

Dissolve  exactly  1.59352  g of  lead  nitrate  (M.  W = 331.23  g)  in 
1000  ml  of  doubly-distilled  deionised  water  to  make  a 1,000  ppm  lead 
stock  solution. 

All  glassware  and  polyethylene  or  polypropylene  containers  arc 
soaked  in  an  Alconox  solution  and  rinsed  with  tap  water  prior  to  im- 
mersion in  a 507.  nitric  acid  bath.  After  several  days,  the  glassware 
and  storage  containers  are  taken  out  and  rinsed  thoroughly  with  copious 
amounts  of  tap  water,  followed  by  several  rinses  with  doubly-distilled, 
deionized  water.  (2) 

All  solutions  are  transferred  to  polyethylene  or  polypropylene 
bottles  immediately  after  preparation. 

Instrument 

The  instrument  is  the  Varian  Techtron  A. A. -5  atomic  absorption  epee 
trophotometer.  A lead  hollow  cathode  lamp  (HCL)  serves  as  the  spectra V 
source. 

All  instrumental  parameters  were  adopted  from  Varian' s Analytical 
Methods  for  Flame  Spectroscopy  (1) 

lead:  T'avelength,  217.0  nm 

slit  width,  300  p 
lamp  current,  5 mA. 
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The  cample  of  5fit  was  dispensed  from  an  "autopette"  5^'i  dispensing 
pipet.  The  inert  gas  flow  of  K9  uas  adjusted  to  1.95/min  and  a hydrogen 
flow  of  225  m-£./min  uas  employed  during  the  atomization  process.  The 
Variac  settings  were  8 for  the  drying  cycle  and  20  for  the  atomization 
cycle. 

The  linear  voltage  programming  technique  uas  utilized  to  atomise 
the  ample.  Therefore,  ue  can  get  more  reproducible  results  by  "clean- 
ing" the  wire  loop  during  every  run  and,  as  a consequent,  reduce  memory 
effects.  The  peal;  height  uas  measured  in  absorbance  units.  Full  scale 
on  the  recorder  ”at  1.0  absorbance  units. 


Calibration  curves. 

A calibration  curve  from  0.5  ppm  to  50  ppm  exhibits  several  rarges 
of  approximate  linearity  which  can  be  utilized:  0-1  ppm,  1-5  ppn,  are 

5-25  ppm.  (see  Figure  28.  ) 

A calibration  curve  covering  the  range  betueen  5 ar.d  500  ppb  chews 
a linear  range  of  0-70  ppb.  The  line  intersects  the  origin  of  the  cali- 
bration curve,  indicating  no  background  absorbance  for  the  lead  standards. 
The  hydrogen  continuous  lamp  was  also  employed  to  check  for  the  presence 
of  non-atomic  absorption.  A less  sensitive  analytical  wavelength  for  lead 
at  283.31  nm  (typical  sensitivity  = 0.23  pg/nt  may  prove  adaptable  to 
work  in  ,the  higher  concentration  ranges  (1,3). 

From  Figure  30,  a sensitivity  of  5. A ppb  (.2.7  x 10  g absolute 
sensitivity)  was  obtained  by  finding  the  concentration  that  corresponded 
to  an  absorbance  reading  of  0.0044  absorbance  units  (1  % absorption  - 
the  definition  of  sensitivity).  The  alternate  method,  - (finding  the 
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concentration  that  yields  0.1  absorbance  unit  and  multiplying  that 
concentration  by  0.044)  was  not  utilised  (4).  If  we  assume  an  absorbance 
of  0. 1 to  be  on  the  linear  portion  of  the  calibration  curve,  from  the 
extrapolation  of  Figure  29,  we  can  get  6.16  ppb  (3.08  x 10  ^ g abso- 
lute sensitivity)  as  the  sensitivity  (12%  deviation). 

The  detection  limit  was  4.7  ppb.  (from  Figure  30).  Comparing 
20  ppb  solutions,  detection  limit  is  improved  over  flame  work.  (1). 

Here,  we  define  the  detection  limit  as  the  concentration  of  an  element 
which  will  produce  an  average  absorbance  peak  signal  corresponding  to 
twice  the  peak  to  peak  noise  of  the  base  line. 

Interferences 


The  effect  of  a 100-fold  molar  excess  of  the  sodium  salts  of  various 

common  anions  on  the  absorbance  signals  of  lead  were  investigated.  The 

percent  signal  change,  which  represents  the  extent  of  the  interference, 

is  calculated  by: 

2 

% = 1Q~  x I Absorbance  (pb)  -i-  added  electrolyte)  - Absorbance  (^h). 

Signal  Absorbance  (Pb) 

Change 

Table  of  Interferences  for  Pb  using  the  aliquot  method 

added  electrolyte  salt  percent  signal  change  background 

(10-3L) source  on  Pb  (1.0  ppm). absorbance 


1. 

NaWC3 

NaN03 

-16.3 

0.CD8 

2. 

NaO'\c 

Na0A.c.3H?0 

-36.3 

0.011 

3. 

NaF 

NaF 

-30.5 

0.005 

4. 

Nal 

Nal 

-94.7 

0.029 

5. 

Ha2S04 

Na.SO. 
2 4 

-78.2 

0.029 

6. 

Na?C03 

Na2C03-H2C 

-65.9 

0.006 

7. 

Na3P04 

Na3P04-12H?0 

-27.9 

0.010 

8. 

Na2H-04 

Na2HP04 

-28.8 

0. 009 
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All  rf  the  above  sodium  salts  suppressed  the  signal  of  lead.  Sodium 
iodide,  in  particular,  depressed  the  lead  signal.  The  background  absoib- 
ance,  which  was  checked  by  the  hydrogen  continuum  lamp,  war  measured  1 *ve 
also.  The  background  absorbance  of  the  lead  solution  containing  Fal  as 
the  interferent  was  relatively  large  (The  absorbance  of  that  solution, 
measured  with  the  Pb  HCL  was  0.024.).  It  could  be  non-atomic  background 
absorption  which  is  caused  by  molecular  absorption  anbd/or  light  scattering 
(5).  It  should  be  subtracted  from  the  total  signal.  The  combined  effect 
of  both  anion  and  cation  contributes  t the  decrease  in  signal.  The 
interferences  from  phosphate,  carbonate,  iodide,  fluoride  and  acetate 
were  removed  by  adding  lg  EDTA  per  100  mt  of  sample  (6)  in  flame  atomic 
absorption  work. 

The  absorbances  of  two  lead  solutions,  each  reportedly  containing 
1 ppb  lead,  are  compared  below.  The  absorbances  obtained  front  the  com- 
mercial standard  (Harleco)  and  the  standard  utilized  in  this  study  agree 
fairly  well. 


* S.D. : standard  deviation 

R. S.D. : relative  standard  deviations 

Since  the  signal  obtained  from  each  standard  solution  may  not  be 

constant  for  long  periods  of  time,  it  is  worthwhile  to  note  the  chs-ge  in 

absorancc  of  a 1 ppm  lead  solution  on  a day  to  day  basis. 


(1)  Pb,  1 ppm 

(Harleco) 

(2)  Pb,  1 ppm  (C.  Yuan) 

Absorbance  (Avg. ) 

0.455 

0.420 

* S.D. 

0.0037 

0.0092 

* R.S.D. 

1.926 

2.20  % 

Difference 

— 

7.6  % 
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Absorbance 


vl)  June  7 
0.455 


(2)  June  9 
0.331 


% Change  -16.3% 

In  addition,  the  1 ppm  lead  solution  was  analyzed  before  and  a^ter 
several  intervening  standard  solutions.  The  results  indicate  relatively 
small  memory  effects. 


(1) 

(2) 

Absorbance 

0.381 

0.40 

% Change 

+4.98% 
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Calibration  curve  of  lead  by  aliquot  method. 
(I.)  Rough  curve,  Figure  28 


I concentration,  ppm.  0.5 
i absorbance  0. 18 


(II. ) Delicate  curve,  Figure  29 


25* 

50* 

0.808 

0.951 

concentration,  ppb 

10 

absorbance 

0.0071 

40 

50 

70 

0.0345 

i 

0.0410 

i 

0.058 

500* 
0.  54 
0.007.8 


(III. ) Detailed  curve,  Figure  30 


concentration,  ppb, 

30* 

25* 

20* 

18  i 

15 

13  ! 

absorbance 

0.0182 

0.0150 

1 0,0125 

i 

j 

0.0146 

0.0130 

0.0109  j 

(^Bs.  standard 

i 

< 

I 

J 

j 

i 

deviation) 

0.0033 

0.0010 

i 0.0020 

: 

0.0005 

0.0009 

0.0012 

0.0090  j 0.0040 
0.0005  ! 0.0008 


* not  shown  on  Figure 


Temperature  versus  Variac  Setting 

In  order  to  further  characterize  the  tungsten  rhenium  v?ire  loop 
atomizer,  the  optimum  atomization  temperature  V7as  determined  for  a 
variety  of  elements  using  an  optical  pyrometer.  A Leeds  and  Northrup 
8632  C Optical  Pyrometer,  a single  adjustment  potentiometer  type,  was 
employed  for  the  temperature  measurements.  The  observed  temperatures 
varied  from  890°C,  corresponding  to  a variac  setting  of  20  (that  used 
to  atomize  lead),  to  1700°C  v?hich  corresponds  to  a variac  setting  of 
40,  Figure  1.  The  latter  setting  is  high  enough  to  atomise  any  of  the 
elements  studied  by  the  wire  loop  atomizer  technique.  Aggett  arid  Sprout 
(1)  found  a temperature  range  of  300-1560°C  for  the  tantalum  ribben  and 
a range  of  270-1500°C  for  the  carbon  rod  (2).  However,  the  temperature 
stated  for  each  element  corresponded  to  the  minimum  temperature  at  which 
atomization  could  be  observed. 

(1)  J.  Aggett  and  A.  J.  Sprott,  Anal.  Chem.  Acta.  72 , 49  (1974 

(2 ) Instruction  Manual  for  Varian  Techtron  Model  A/ -5  Atomic 
Absorption  "ctrophotomcr . Varian  Techtron  ?ty.  Limited, 
Melbourne,  Australia  (October,  1971). 
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